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ABSTRACT 


The  hypothesis  tested  in  this  study  was  that  elevated 
blood  lactic  acid  levels  could  be  lowered  in  exercise,  pro¬ 
vided  that  the  level  of  exercise  remained  aerobic. 

Ten  subjects  performed  three  treatment  conditions.  In 
treatment  I  they  rode  on  a  bicycle  ergometer  for  90  seconds 
at  90  percent  MVO^,  then  for  15  minutes  at  30  percent  MVO^ 
finishing  at  90  percent  MVOp  for  90  seconds.  Treatment  II 

consisted  of  55  percent  MVO^  for  90  seconds,  30  percent  MVOg 

for  15  minutes  and  90  percent  MVO^  for  90  seconds.  Treat¬ 
ment  III  was  90  percent  MVO^  for  90  seconds.  Blood  samples 

were  taken  from  the  brachial  artery  at  5?  10  and  14  minutes 

of  exercise  and  at  2,  5>  and  8  minutes  of  recovery  and  expired 
gas  was  collected  for  20  minutes  after  exercise. 

Comparisons  of  the  lactate  levels  attained  throughout  and 
at  the  conclusion  of  each  treatment  were  made  graphically. 
Definite  trends  were  apparent  which  supported  the  following 
conclusions:  (1)  Blood  lactate  levels  do  not  constantly 
increase  in  exercise  at  a  rate  proportional  to  the  metabolic 
rate.  They  may  be  reduced  in  aerobic  exercise  to  approximate¬ 
ly  resting  levels;  (2)  lactate  metabolism  is  faster  in  exer¬ 
cise  than  at  rest;  (3)  No  relationship  appeared  to  exist  be¬ 
tween  lactate  levels  and  oxygen  debt;  and  (4)  increase  in 
lactate  provides  the  same  relative  information  to  the  inves¬ 
tigator  as  the  excess  lactate  measure. 
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CHAPTER  I 


INTRODUCTION 

Lactic  acid  can  be  a  limiting  factor  in  exercise  if 
its  concentration  in  the  blood  reaches  a  critical  level. 

The  law  of  Mass  Action  states  that  as  the  end  products  of 
a  chemical  reaction  build  up  in  the  reacting  medium,  the  rat 
of  the  reaction  approaches  zero.  In  the  case  of  lactic 
acid,  the  blood  pH  decreases  and  unconsciousness  can  result. 

It  had  early  been  realized  (17)  that  lactic  acid  pro¬ 
duced  during  muscular  contraction  was  formed  from  the  gly¬ 
cogen  stored  in  the  muscle  and  that  these  reactions  formed 
the  major  energy  source  during  anaerobic  contraction. 
Following  this,  A.V.  Hill  (23)  in  1922  reasoned  that  oxygen 
debt  was  directly  dependent  on  the  metabolic  breakdown  of 
this  lactic  acid.  In  1933  Margaria  (36)  related  its  form¬ 
ation  to  work  intensity,  and  others  (5)  had  related  the 
amount  formed  in  a  given  exercise  to  the  physical  fitness 
of  the  subject!  In  193--f'  Margaria  (38)  determined  that  the 
pay-off  of  lactic  acid  after  exercise  in  a  resting  condition 
was  an  exponential  function  with  a  half  time  of  fifteen 
minutes!  By  comparing  this  pay-off  of  lactic  acid  after 
exercise  in  a  resting  condition  to  the  total  oxygen  debt 
he  was  able  to  determine  that  lactic  acid  was  produced  only 
in  anaerobic  exercise  and  that  the  conversion  of  pyruvate 
to  lactate  was  not  the  only  means  by  which  the  body  derived 


- 


2 


energy  for  muscular  contraction  under  anaerobic  conditions i 
Further  work  however,  showed  that  the  ’’alactic"  processes 
only  seemed  to  operate  at  the  very  beginning  of  exercise  and 
that  once  the  intensity  of  exercise  had  reached  two  thirds 
maximal  for  a  particular  person  then  lactic  acid  formation 
was  the  only  anaerobic  energy  process,, 

In  1956-57,  W.  Huckabee  surprised  workers  in  this  field 
when  he  published  a  series  of  papers  (25,26,27,23,29)  which 
presented  evidence  that  there  was  no  such  thing  as  an  "alac- 
ticM  debt.  He  was  able  to  explain  the  oxygen  debt  from  the 
amount  of  excess  lactate  formed  during  exercise.  As  well, 
he  said  that  lactic  acid  was  formed  during  all  exercise  at 
a  constant  rate  which  was  approximately  equal  to  five  per¬ 
cent  of  the  metabolic  rate.  This  was  directly  contrary 
to  the  findings  of  Edwards  and  Dill  (13)  who  had  published 
results  which  indicated  that  if  a  subject  exercised  at  a 
very  low  intensity  at  the  concD.usion  of  an  anaerobic  exer¬ 
cise  period,^ the  lactic  acid  was  oxidized  at  a  considerably 
faster  rate  than  if  the  subject  had  remained  in  a  resting 
condition^ 

Since  Huckabee fs  publications  other  investigators  have 
found  little  evidence  to  support  him.  Some  though,  have 
agreed  that  a  small  quantity  of  lactic  acid  is  formed  at 
the  beginning  of  any  exercise  (10,11, 31,51, 53? 56) •  How¬ 
ever,  if  the  exercise  is  anaerobic  their  results  indicate 
that  the  blood  lactic  acid  levels  reach  a  peak  two  to  five 
minutes  after  exercise  begins  and  then  declines  to  almost 


resting  levels  within  ten  minutes. 

Statement  of  the  problem 

The  purpose  of  this  study  was  to  determine  how  the  time 
course  of  formation  of  lactic  acid  varies  with  the  intensity 
of  the  exercise,  and  whether  lactic  acid  could  be  metabolized 
during  exercise. 

Subsidiary  problems  investigated  were: 

1.  The  relationship  of  lactic  acid  formed  over  and 
above  resting  levels  to  the  oxygen  debt  developed. 

2C  The  rate  of  removal  of  lactic  acid  from  the  system  in 
both  exercise  and  rest  conditions. 

3.  The  concept  that  the  “excess  lactate’5  (which  is 
that  lactate  theoretically  formed  solely  because  of  oxygen 
lack  and  calculated  according  to  a  formulae  developed  by 
Huckabee)  is  a  better  measure  of  anaerobic  metabolism  than 
is  a  direct  measure  of  increase  in  lactate. 

Rationale  behind  the  study. 

From  the  findings  of  Edwards  and  Dill  and  some  later 
investigators  (10,11, 51  $ 53) $  one  would  expect  that  if  exercise 
was  begun  at  a  rate  calculated  to  be  anaerobic,  and  then 
reduced  to  a  low  aerobic  rate  for  a  sufficient  period  of 
time,  some  of  the  lactic  acid  produced  during  the  initial 
phase  would  be  metabolized.  However,  one  would  not  expect 
the  level  reached  at  the  conclusion  of  the  aerobic  phase  to 
be  as  low  as  it  would  be  if  the  initial  phase  of  exercise 
had  been  at  an  aerobic  rate.  A  group  of  subjects  were  there¬ 
fore  subjected  to  three  exercise  treatments.  Two  were 
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similar  to  those  just  described  except  that  at  the  end  of 
the  first  two  phases,  a  third  short  phase  of  almost  maximal 
exercise  was  added.  The  third  treatment  consisted  only 
of  this  short  phase  of  almost  maximal  exercise.  Lactic  acid 
concentrations  were  followed  throughout,  and  at  the  end  of 
the  exercise  periods! 

A  comparison  of  results  showing  the  time  course  of 
lactic  acid  formation  in  each  treatment  indicated  whether 
lactic  acid  is  built  up  continually  during  exercise  (Huckabee) 
or  whether  it  can  be  metabolized  if  the  exercise  is  of  low 
intensity.  If  Huckabee  is  correct,  then  one  would  expect 
a  continual  increase  in  lactic  acid  concentration  throughout 
exercise,  though  with  varying  rate  according  to  the  level 
of  the  exercise  and  reaching  its  peak  at  the  conclusion. 

If  lactic  acid  can  be  metabolized  however,  one  would  expect 
a  fall  in  concentration  to  occur,  beginning  as  soon  as  the 
exercise  level  became  aerobic. 

Delimitations  of  the  study. 

1.  The  study  is  limited  to  ten  university  students  of 
the  University  of  Alberta. 

2.  Only  the  parameters  stated  in  the  problem  will  be 
considered! 

Limitations! 

1.  The  reliability  of  lactic  acid  formation  for  a  given 
intensity  of  exercise  for  a  given  subject. 

2.  The  magnitude  of  experimental  error  by  the  inves¬ 


tigator. 
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3.  The  variation  in  humidity  in  the  laboratory. 

4.  The  ability  of  the  investigator  to  motivate  each 
subject  to  perform  maximally  in  the  test  to  determine  their 

mvo2. 

5.  The  use  of  volunteer  physical  education  graduate 

J 

students  restricts  the  randomness  of  the  sample o 
Definition  of  Terms! 

1.  Anaerobic  work;  that  work  performed  without  the 
simultaneous  utilization  of  oxygen. 

2.  Aerobic  work;  work  performed  by  means  of  energy 
derived  only  by  oxidative  metabolism* 

3.  Excess  lactate,  XL;  Huokabee's  term  for  lactic  acid 
produced  solely  due  to  oxygen  lack.  He  calculated  it  from 
the  formula: 

XL  =  (Ln  -  Lo)  -  (Pn  -  Po) (Lo/Po) 

where  Ln  and  Lo  are  experimental  and  control  lactate  concen¬ 
trations  and  Pn  and  Po  are  experimental  and  control  concen¬ 
trations  of  pyruvate o 

4.  Maximal  Oxygen  Uptake,  MV09;  assuming  pulmonary 
function  to  be  normal ,  the  maximal  oxygen  uptake  is  defined 
as  the  maximal  rate  of  oxygen  supply  to  and  utilization  by 


active  tissue. 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

The  relationship  between  lactic  acid  and  oxygen  debt! 

Between  1920  and  1924  several  investigators  (23,32)  found 
that  after  any  form  of  exercise,  a  subject  consumed  more 
oxygen  than  he  normally  would  at  rest  for  a  short  time  after 
the  exercise  had  ceased*  A.V.  Hill  (23)  reasoned  that  this 
extra  oxygen  was  being  used  by  the  body  to  replace  a  defic¬ 
iency  that  had  been  caused  as  a  result  of  the  exercise*  He 
therefore  coined  the  term  ‘'oxygen  debt"  to  describe  what 
he  regarded  as  a  "paying  back"  of  oxygen  that  had  not  been 
available  at  the  time  needed  during  exercise*  An  increase 
in  the  concentration  of  lactic  acid  in  the  blood  had  also 
been  observed  to  occur  as  an  effect  of  exercise. 

As  early  as  1907  Fletcher  and  Hopkins  (16)  working  with 
an  isolated  frog  muscle,  had  demonstrated  that  lactic  acid 
was  produced  when  muscle  contracts  in  the  absence  of  oxygen, 
and  that  it  accumulated  with  continued  stimulation  until 
the  muscle  became  fatigued  and  could  no  longer  contract. 

It  was  noticed  that  the  increased  concentration  of  lactic 
acid  also  decreased  over  what  seemed  to  be  a  consistent  time 
interval  once  exercise  had  finished.  Combining  these  obser¬ 
vations,  Hill  hypothesized  that  the  oxygen  debt  was  due  to 
the  oxidation  of  the  lactic  acid.  He  attributed  the  lactic 
acid  build  up  to  insufficient  oxygen  supply  as  compared  to 
oxygen  need  during  the  exercise. 
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The  formation  of  lactic  acid  during  exercise.  In  1933 > 
Margaria,  Edwards  and  Dill  (33)  published  a  paper  which  was 
a  direct  follow-up  to  Hillls  earlier  hypothesis,  and  which 
has  become  the  classical  study  in  this  field.  They  found 
that  an  increase  in  the  concentration  of  lactic  acid  in  the 
blood  only  occurred  after  a  subject  had  worked  at  an  inten¬ 
sity  which  corresponded  to  at  least  two  thirds  maximal  cxygen 
consumption.  For  most  subjects  this  coincided  with  an  oxygen 
uptake  of  approximately  2.5  litres  per  minute.  This  thresh- 
hold  varied  for  different  individual. s  according  to  their 
physiological  condition.  The  better  conditioned  subjects 
could  take  a  higher  work  load  before  an  increase  in  lactic 
acid  concentration  occurred. 

Therefore,  oxygen  debt  could  no  longer  be  directly 
related  to  the  oxidation  of  lactic  acid.  This  type  of 
oxygen  debt  which  was  formed  without  any  increase  in  lactic 
acid  concentration  in  the  blood  Margaria  termed  "alactic 
debt",  or  ’’alactacid  debt”.  When  increase  in  lactic  acid 
concentration  did  occur,  then  the  term  ’’lactaoid”  was 
attributed  to  the  portion  of  the  oxygen  debt  needed  to  oxid¬ 
ize  this  lactic  acid.  The  higher  the  work  intensity,  the 
greater  the  increase  in  blood  lactate  concentration  and  the 
greater  was  the  accompanying  oxygen  debt l 

Margaria  (40)  explained  this  in  the  following  way:  ’’The 
significance  of  lactic  acid  production  in  exercise  is  an 
emergency  mechanism  for  providing  energy  when  the  oxidative 
mechanism  is  insufficient.” 
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These  statements  indicate  that  lactic  acid  production 
occurs  when  the  oxygen  transport  system  of  the  body  cannot 
provide  sufficient  oxygen  for  the  body's  needs.  This  is 
explained  as  follows.  Adenosine-triphosphate  (ATP)  is  the 
immediate  source  of  energy  for  muscular  contraction.  ATP 
can  be  produced  in  two  ways.  Usually  oxygen  is  available 
and  it  is  then  produced  through  the  aerobic  pathway.  Fats 
proteins  and  carbohydrates  can  be  source  material  in  the 
production  of  energy  aerobically,  as  they  enter  directly  into 
the  Krebs  cycle.  Anaerobically  however,  only  carbohydrate 
can  be  the  source  material.  It  is  metabolized  via  enzy¬ 
matic  reactions  in  the  phospho-glyconic  pathway  (1?).  In 
both  cases  (aerobically  and  .anaerobically)  it  is  converted 
to  pyruvic  acid.  Under  aerobic  conditions  this  then  enters 
the  Krebs  cycle.  In  anaerobic  conditions,  to  enable  the  ATP 
forming  reactions  to  continue,  pyruvic  acid  does  not  enter 
the  Krebs  cycle,  but  is  converted  to  lactic  acid  with  the 
aid  of  the  reduced  coenzyme  Nicotinamide  adenine  dinucleo¬ 


tide  (nadh)(55). 

Pyruvic  acid  +  NADH2 


lactic  dehydrogenase 


Lactic  acid  1  NAD  +  2H 


.+ 


i.e.  lactic  acid  serves  as  a  II  acceptor  in  the  production 
of  NAD  which  is  required  to  enable  the  phosphoglyceric 
pathway  to  continue  functioning.  (NAD  is  converted  to  NADH 
in  the  reaction  3_phosphoglyceraldehyde  to  1,3-diphos- 
phoglyceric  acid).  therefore,  in  the  total  glycolytic  chain 
lactate  formed  anaerobically  has  the  function  of  being  an 
acceptor  of  hydrogen  electrons  in  the  oxidation  of  NADH. 


THE  GLYCOLYTIC  PATHWAY 


Glucose 


ATP- 


•ADP 


Gluco  se- 6~pho  sphat  e 


Fructose- 6-phosphate 


ATP  -  - 


■>-ADP 


Fructose-1 s  6-diphosphate 


Dihydroxacetone  phosphate 


Glycogen 

-  k 


h3  po4 


Gluco se-l-pho sphat e 


r  3  -  P  ho  spho  gly  c  e  ral  dehy  d  e 

2 ( DPN ) 

2H3P0^ 


2ADP 


^  2(DPNH2) 


2(1 9  3-Diphosphoglyceric  acid) 


2ATP 


2(3-Phosphoglyceric  acid) 


2(2~Phosphoglyceric  acid) 

J  f 

2 (2-Phosphoenolpyruvic  acid) 


2ADP 


- 2ATP 


2 (Pyruvic  acid) 


2(DPNH2) 


2 (DPN) 


2 (Lactic  acid) 


Summary  of  reactions  between  glucose  and  lactic  acid 
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Observed  lactic  acid  concentration  in  exercise.  The 
concentration  of  lactic  acid  in  arterial  blood  of  the  normal 
human  at  rest  varies  between  approximately  0,6  to  1.5mM  per 
litre  of  blood  water,  or  from  5  to  13  mgm  per  100  cc  of 
blood  (25).  Following  an  anaerobic  run  to  exhaustion  on  a 
treadmill  at  18,7  km  per  hour  on  a  five  percent  grade  for 
four  and  one  half  to  six  minutes,  Margaria  obtained  a  concen¬ 
tration  at  the  end  of  exercise  of  17mM  per  litre  of  bloodwater 
or  120  mgm  per  100  cc  of  blood  (33).  Others  (11)  have 
obtained  values  as  high  as  328  mgm  percent.  By  plotting 
recovery  lactic  acid  values  against  calculated  oxygen  debt 
values  it  seemed  apparent  to  earlier  investigators  that 
no  increase  in  lactic  acid  concentration  in  the  blood 
occurred  until  the  oxygen  debt  amounted  to  about  three  litres l 
After  this,  i.e.  once  the  work  had  become  anaerobic ?  the 
increase  in  blood  lactic  acid  concentration  was  seen  to 
be  a  linear  function  of  the  amount  of  work  (37)*  This  in 
turn  is  rjroportional  to  the  oxygen  consumption,  Margaria1  s 
results  seemed  to  be  substantiated  by  other  studies  (13,17, 
20,39,59) .  However,  several  studies  (13,49)  produced 
results  which  indicated  that  there  was  an  increase  in  blood 
lactic  acid  concentration  even  at  the  start  of  submaximal 
exercise.  This  subsequently  returned  to  a  level  slightly 
above  resting  values  two  to  four  minutes  after  the  begin¬ 
ning  of  exercise.  Then  W.  Huckabee  published  a  series  of 
reports  (25, 26, 27, 28 , 29) ,  the  results  of  which  were  almost 
the  complete  reverse  of  Margarias,  Since  Margaria fs  work 
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the  function  of  NAD  and  NADH  and  the  lactate  dehydrogenase 
system  in  the  glycolytic  pathway  and  their  relationship  to 
the  ratio  of  lactate  to  pyruvate  present  had  been  estab¬ 
lished.  On  the  basis  of  this,  Huckabee  queried  the  validity 
of  equating  lactic  acid  formation  with  oxygen  lack  by  show¬ 
ing  that  lactic  acid  could  be  produced  under  other  circum¬ 
stances.  His  results  showed  that  he  had  produced  blood 
lactate  increase  by  having  subjects  hyperventilate ,  by 
infusing  sodium  bicarbonate  and  by  infusing  pyruvate 0  As 
a  result  of  this  he  developed  a  formula  based  on  the  lactate 
dehydrogenase  system  from  which  could  be  calculated  the 
proportion  of  hypoxic  lactic  acid  from  the  total  amount  of 
lactic  acid  formed  during  exercise.  This  amount  he  termed 
"excess  lactate1'.  He  theorized  that  the  ratio  lactate/ 
pyruvate  represented  in  effect  the  ratio  NAD/NADH  and  there¬ 
fore  that  any  change  in  this  ratio  in  excess  of  what  could 
be  attributed  to  change  in  pyruvate  present  could  be 
assumed  to  be  caused  by  oxygen  deficiency.  To  calculate  the 
excess  lactate  his  formula  was  of  the  form: 

XL  =  (Ln  -  Lo)  -  (Pn  -  Po) (Lo/Po) 

Most  important  from  the  point  of  view  of  this  study  was 
his  finding  of  excess  lactate  at  low  levels  of  work  with 
small  oxygen  debts.  Further,  when  he  calculated  the  quantity 
of  oxygen  necessary  to  convert  the  peak  excess  lactate  back 
to  pyruvate  he  found  close  approximation  to  the  measured  ’ 
oxygen  debt.  He  also  stated  that  the  amount  of  excess  lactate 
present  increased  linearly  with  time  at  a  rate  approximately 
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equal  to  five  percent  of  the  metabolic  rate  at  all  work  ?i_ev- 
els.  Therefore,  Huckabee  denied  the  existence  of  the 
alactic  portions  of  the  oxygen  debt  and  stated  that  all  of 
the  debt  could  be  explained  at  all  levels  of  work  by  the  form¬ 
ation  of  excess  lactate. 

The  results  of  a  paper  published  soon  after  Huckabees 
(7)  did  show  similar  increases  in  blood  lactate  levels  during 
all  exercise.  However,  the  subjects  used  in  the  study  were 
patients  with  arteriosclerosis *  It  may  therefore  have 
been  impossible  for  them  to  work  aerobically0  Certainly  their 
highest  blood  lactate  concentrations  were  obtained  at  a 
much  lower  load  and  pulse  rate  than  in  normal  persons. 

Since  that  time  several  studies  have  been  made,  (10,19, 
31, 51?  52, 53 ,56)  "but  few  of  the  published  results  support 
Huckabee1 s  findings.  Olson  (44)  strongly  criticized  Huck¬ 
abee  fs  work,  citing  several  false  premises.  The  first.; was 
that  Huckabee  had  assumed  that  in  open  systems  typical  of 
mammalian  cells  it  was  equilibrium  constants  that  deter¬ 
mined  the  steady  state  concentrations  of  substrates  in  the 
system.  Rather,  says  Olson,  it  is  the  rate  of  the  various 
competing  reactions  that  is  the  determining  factor.  The 
second  false  premise  was  that  the  lactate/pyruvate  ratio 
accurately  reflects  the  NAD/NADH  ratio  in  the  aggregate 
of  cells  under  study.  This  may  not  be  so  for  several  reasons. 
Firstly,  there  are  at  least  two  pools  of  NAD/NADH  in  the 
cells,  one  in  the  cytoplasm  and  one  in  the  mitochondria. 
Secondly,  these  pools  do  not  participate  in  direct  trans- 
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hydrogenation,  hut  rather  a  shunt  metabolite  shuttles  hydrogen 
ions  between  the  cytoplasm  and  the  mitochondria.  Therefore 
Olsen  states  that  "while  excess  lactate  is  not  an  indis¬ 
putable  sign  of  anaerobiosis ,  and  conversely  that  anaer- 
obiosis  can  occur  without  the  appearance  of  excess  lactate, 
it  is  equally  true  that  simple  anoxic  anoxia  causes  the 
accumulation  of  excess  lactate." 

H iGl  Knuttgen  (38)  in  a  study  to  determine  the  effect 
of  activity  of  large  muscles  at  different  work  intensities 
on  oxygen  debt  and  on  lactate,  pyruvate  and  excess  lactate 
during  work  and  recovery  used  two  subjects  on  a  bicycle 
ergometer  at  work  intensities  of  300,  700,  1,000  and  1600 
kg  per  minute.  He  found  that  no  appreciable  rise  in  excess 
lactate  and  total  lactate  occurred  at  the  two  lower  inten¬ 
sities  of  work.  For  his  subjects  the  critical  level  of 
oxygen  uptake  after  which  there  was  a  rapid  rise  in  total 
lactate  and  excess  lactate  was  1.5  litres  per  minute „  At 
all  levels  of  work,  the  oxygen  debt  he  found  surpasses  in 
quantity  the  oxygen  equivalents  of  the  maximum  increases  in 
total  lactate,  and  "to  an  even  greater  extent,  the  oxygen 
equivalents  of  excess  lactate."  This  -work  therefore  supported 
Margaria’s  findings  of  a  separate  alactacid  and  lactacid 
portion  of  oxygen  debt. 

HvD .  Thomas  et.al.  (53)  used  both  patients  with  normal 
and  subnormal  cardiac  output  and  determined  lactate,  pyruvate 
and  excess  lactate  formation.  The  work  load  varied  for  each 
subject,  ranging  from  266  to  93°  kgm  per  minute.  He  found 
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that  the  rate  of  both  lactate  and  excess  lactate  accumula¬ 
tion  was  a  variable,  and  not  a  constant  as  reported  by 
Huckabee*  At  these  work  rates,  he  found  that  the  highest 
concentrations  of  blood  lactate  occurred  at  approximately 
two  minutes  of  work  after  which  it  began  a  slow  decline 0 
"In  many  of  the  subjects,  both  normal  and  abnormal,  the  rate 
of  excessive  lactate  accumulation  was  actually  negative 
during  the  last  minute  of  exercise,  reflecting  a  decrease  in 
the  lactate/pyruvate  ratioe" 

Harris,  Bateman  and  Gloster  (19)  published  similar 
findings*  Cobb  and  Johnson  (10)  using  a  period  of  prolonged 
exercise  in  a  group  of  sedentary  normal  individuals  and  in 
a  group  of  physically  active  normal  persons,  likewise  found 
a  rapid  accumulation  of  excess  lactate  during  the  first  few 
minutes  of  exercise  which  then  decreased  in  both  groups* 

The  physically  active  group  showed  a  significant  decrease 
in  the  excess  lactate  concentration  after  two  to  five  minutes 
of  steady  exercise,  to  a  plateau  just  above  resting  level* 

The  level  in  the  sedentary  subjects  continued  to  increase, 
but  at  a  much  reduced  rate* 

Other  studies  found  essentially  identical  results* 
Wasserman  (56)  concluded  that  the  anaerobic  metabolic  rate, 
whether  calculated  from  excess  lactate  or  oxygen  debt  was 
not  a  constant  fraction  of  the  metabolic  rate  at  all  work 
loads*  "A  larger  fraction  of  energy  is  derived  from  oxygen 
debt  creditors  at  heavy  and  very  heavy  than  at  moderate 
work  loads;"  Saiki’s  results  (51)  showed  that  at  70-80 
percent  maximal  oxygen  consumption,  lactic  acid  is  produced 
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only  at  the  onset  of  exercise  during  the  oxygen  debt  contrac¬ 
tion  phase.  He  found  no  lactic  acid  produced  once  steady 
state  oxygen  consumption  was  reached.  However,  at  80-100 
percent  maximal  oxygen  consumption  "lactic  acid  concentra¬ 
tion  in  the  blood  increases  earlier  and  arrives  at  a  maximum 
somewhat  later  than  at  seventy  percent  of  maximum  aerobic 
capacity. " 

Schneider  (52),  whose  results  were  almost  identical  to 
those  of  Saiki,  proposed  that  the  lag  in  oxygen  consumption 
at  the  start  of  aerobic  exercise  was  more  directly  dependent 
on  the  time  required  to  develop  an  oxygen  need,  and  thus 
prepare  tissues  to  accept  oxygen,  than  on  a  lag  in  the  oxygen 
supplied  by  the  circulatory  and  respiratory  system.  The 
need  is  developed  by  the  formation  of  lactic  acid  at  the 
start  of  exercise*  Henry  had  proposed  this  in  1951  (18)  and 
Margaria  in  1965  (3?)*  It  seems  that  apart  from  the  inves¬ 
tigation  of  Edwards  and  Dill  in  193^  there  has  been  no  attempt 
to  follow  the  time  course  of  lactic  acid  concentration 
having  first  elevated  it  to  a  high  level  by  having  a  subject 
perform  anaerobic  work  and  then  reducing  the  level  of  work 
to  a  submaximal  one.  If,  as  the  investigators  just  cited 
submit,  lactic  acid  formed  in  the  early  part  of  aerobic 
exercise  is  removed  if  the  exercise  continues  at  an  aerobic 
level,  one  would  expect  that  a  higher  lactic  acid  concen¬ 
tration  purposely  formed  by  anaerobic  exercise  could  likewise 
be  reduced  if  the  level  of  exercise  was  reduced  to  become 
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Removal  of  excess  blood  lactate  concentrations*  Reconversion 
to  pyruvate  is  not  the  only  method  used  by  the  body  to  remove 
excess  lactic  acid,  though  it  is  the  most  important*  Thus, 
the  lactacid  portion  of  an  oxygen  debt  is  used  to  convert 
lactic  acid  back  to  glycogen*  Some  may  be  lost  through  sweat 
and  urine,  though  it  has  been  estimated  that  this  would  be 
only  one  percent.  The  heart  uses  lactic  acid  for  fuel  and 
ten  percent  may  be  removed  in  this  manner  (13)® 

The  limiting  factor  in  the  removal  of  lactic  acid  is 
probably  the  speed  with  which  it  can  be  relayed  to  the  re¬ 
active  centres,  e.g.  liver,  skeletal  musculature  and  heart* 
This  would  depend  on  circulatory  rate* 

Margaria  (37)  determined  that  the  rate  of  removal  from 
the  blood  of  the  extra  lactic  acid  formed  in  exercise  was 
ail  exponential  process  with  a  half  reaction  time  of  fifteen 
minutes*  The  rate  of  removal  is  therefore  proportional  to 
the  amount  of  lactic  acid  present* 

However,  it  should  be  noted  that  the  above  rates  of 
removal  apply  from  the  time  when  the  lactic  acid  concentra¬ 
tion.!  s  at  its  maximum*  Following  maximal  exercise  this 
point  is  generally  not  reached  until  six  to  eight  minutes 
after  the  completion  of  the  exercise* 

Since  rate  of  removal  appeared  to  be  limited  by  the 
limitation  imposed  by  circulation  in  getting  the  lactic  acid 
to  the  reactive  centres,  Edwards  and  Dill  (13)  designed  a 
study  to  determine  what  would  happen  if  during  recovery, 
work  was  performed  at  levels  of  oxygen  consumption  which 
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do  not  raise  the  lactic  acid  level.  They  varied  this  rate 
of  work  up  to  twelve  times  the  basal  rate  of  oxygen  consump- 
tionfor  forty  five  minutes.  They  found  that  lactic  acid  was 
removed  faster  than  at  rest — that  "the  rate  of  removal  of 
lactic  acid  in  exercise  increases  approximately  proportion¬ 
ately  with  the  metabolic  rate  up  to  some  critical  level 
of  activity,  different  for  each  subject,"  For  one  subject, 
a  trained  runner,  the  velocity  constant  was  increased  3*5 
times  the  value  at  rest.  No  further  work  appears  to  have 
been  done  as  a  follow-up  to  this,  possibly  because  some 
other  investigators  found  an  increase  in  blood  lactic  acid 
concentration  in  all  exercise.  However,  as  described  above, 
recent  studies  have  shown  that  following  an  initial  rise  in 
lactate  at  the  start  of  aerobic  work,  the  lactate  concen¬ 
tration  then  declines  to  almost  resting  values.  From  the 
data  presented,  it  appears  to  be  a  relatively  rapid  decline, 
though  no  comparative  values  have  been  calculated.  As  Saiki 
states,  (51)  this  indicates  "that  the  oxygen  consumption 
in  equilibrium  is  sufficient  not  only  to  supply  the  energy 
for  the  actual  work  performed,  but  also  to  provide  for  the 
energy  necessary  to  reconvert  lactic  acid  to  glycogen.  " 

Phy steal _ fitness  and  laot 1c  acid  format! on 1  Physical  fitness 
in  this  context  refers  to  physical  fitness  as  determined  by 
maximal  oxygen  intake.  There  is  a  negative  correlation 
between  physical  fit  cess  .and  the  build  up  of  excess  lactic 
acid  in  exercise (5, 6,10,17,45,49, 53) *  Correspondingly ,  less 
fit  subjects  have  a  lower  critical  intensity  of  exercise 
beyond  which  increases  in  blood  lactate  appear.  Conv§ysely 
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the  fitter  subjects  have  a  greater  tolerance  to  lactic  acid- 
(49).  That  is,  they  can  derive  a  greater  proportion  of  their 
energy  requirements  anaerobically. 

Pet ermlnatlon  of  blood  lactate  concentration.  Blood  lactic 
acid  is  an  index  of  the  total  lactic  acid  produced  as  a  result 
of  exercise  (38).  Margaria  found  no  difference  in  lactic  acid 
values  obtained  between  femoral  or  arm  samples  of  arterial 
and  venous  blood.  It  has  been  shown  that  lactic  acid  diffuses 
rapidly  from  tissue  cells  producing  it  into  blood  plasma  and 
from  there  to  less  active  muscle  (12),  However,  Huckabee 
states  that  he  obtained  large  significant  differences  in 
results  when  he  used  peripheral  venous  blood  samples  as 
opposed  to  arterial  or  mixed  venous  blood  samples.  This  was 
presumably  because  the  peripheral  samples  would  reflect  local 
events  in  the  limb  rather  than  total  body  lactate  changes. 
Thus,  despite  Margarias  findings  most  later  researchers 
have  attempted  to  control  possible  error  source  as  much  as 
possible  by  taking  samples  from  the  brachial,  artery. 


CHAPTER  III 


METHODS  AND  PROCEDURES 

Ten  male  graduate  students  enrolled  at  the  University 
of  Alberta  in  the  faculty  of  physical  education  volunteered 
as  subjects  for  the  study.  The  same  subjects  were  tested 
under  the  three  experimental  conditions. 

In  the  first  week  of  testing,  each  subject  reported 
once.  Anthropometric  data  was  collected,  the  subjects 
were  informed  about  the  nature  of  the  experiment  and  their 
maximum  oxygen  uptake  was  ascertained.  From  this,  aerobic 
and  anaerobic  work  loads  were  calculated  for  the  testing 
sessions  to  follow. 

In  the  following  six  weeks  each  subject  was  tested  on 
each  of  the  three  experimental  conditions  described  below* 
Trials  were  count erbalanoed.  Testing  was  always  conducted 
between  1  pem0  and  4  p.m,  in  the  afternoon.  Subjects 
were  asked  to  maintain  their  normal  day  to  day  .habits  as 
much  as  possible  throughout  the  testing  period  and  not  to 
engage  in  any  strenuous  activity  on  the  morning  of  the 
test.  Temperature  in  the  laboratory  ranged  from  21  degrees 
centigrade  to  23  degrees  centigrade  during  all  testing. 
Experimental  appa rat us , 

1.  Bicycle  ergometerQ  A  Monark  GCI  bicycle  ergometer 
was  used  to  provide  the  work  load  for  the  subject,  A 
bicycle  ergometer  was  chosen  because  it  provided  a  conven¬ 
ient  method  for  administering  a  direct  test  for  maximal 
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oxygen  uptake,  because  work  loads  were  relatively  easy  to 
set  and  adjust  through  the  exercise  periods  and  because  the 
subject fs  arms  were  fixed  and  samples  of  blood  could  be 
taken  from  the  brachial  artery  without  the  subject  having 
to  stop  work.  The  bicycle  was  calibrated  prior  to  any  test¬ 
ing. 

2.  Gas  collection  and  analysis.  An  Otis  Mckerrow  two  way 
breathing  valve  was  used  which  enabled  the  subject  to  inhale 
room  air  and  expire  into  a  Douglas  bag  which  was  connected 
by  means  of  a  1!5  inch  diameter  hose,  A  nose  clamp  was 
used  to  prevent  respiration  through  the  nasal  passages. 

Oxygen  analysis  involved  use  of  a  Beckman  model  E-2  oxygen 
analyser!  A  60  cycle  Neptune  Dyna-pump,  model  2,  was  used  to 
pump  a  gas  sample  through  the  analyser.  Two  readings  were 
taken,  and  if  no  change  in  value  was  noted  the  value  was 
recorded.  For  each  15  second  reading,  75  cc  of  air  was  added 
to  the  total  volume  of  the  Douglas  bag  sample. 

A  Godard  Capnograph  was  used  for  Carbon  dioxide  analysis. 
Gas  Volume  was  measured  in  litres  with  an  American  volume 
meter  (model  802) . 

3.  Lactate  analysis.  Blood  drawn  for  each  sample  was 
immediately  mixed  with  5  ml  TCA  in  a  test  tube.  Samples 
were  stored  in  a  refrigerator  until  approximately  thirty 
had  been  collected.  They  were  then  analyzed  spec tropho to- 
met  rically  using  the  enzymatic  method  of  Ellis,  Cain  and 
Williams  (15) •  A  Unicam  SP  800B  spectrophotometer  was 
used.  Lactic  acid  is  converted  to  pyruvic  acid  by  lactic 
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dehydrogenase  in  alkaline  solution  by  using  excess  DPN  and 
the  pyruvate  is  removed  as  it  is  formed  by  hydrazine *  The 
DPNH  formed  is  read  at  3^0  mu  and  gives  a  quantitative  meas¬ 
ure  of  the  lactic  acid  originally  present, 

4,  Pyruvate  analysis.  Samples  were  analyzed  spectrophoto- 
metrically  using  the  chemical  method  of  Ofbrien  and  Ibbott 
(Appendix  A) • 

Experimental  procedure,, 

1,  Determination  of  aerobic  and  anaerobic  work  rates.  The 
test  for  maximum  work  capacity  was  carried  out  using  the 
Astrand-modif ied  Physical  Work  Capacity  test (3)*  The  subject 
warmed  up  for  six  minutes  at  a  600kpm  work  level,  at  fifty 
revolutions  per  minute.  This  was  followed  by  a  five  minute 
rest  interval.  The  work  load  was  then  increased  to  900kpm 
and  the  subject  repeated  the  procedure®  At  the  end  of  four 
minutes  and  thirty  seconds  of  the  ride  an  Otis  McK exrow  two 
way  breathing  valve  was  connected  to  the  subject  by  means  of 
a  rubber  mouthpiece  and  his  nose  was  completely  closed  with 
a  nasal  clamp.  An  expired  gas  sample  was  then  collected  in 
a  Douglas  bag  between  the  fifth  and  sixth  minute  of  the  ride. 
For  the  next  five  minutes  the  subject  rested  while  the  work 
load  was  increased  to  1200kpnn  At  this  load  and  above,  the 
work  time  was  reduced  to  four  and  a  half  minutes,  gas  being 
collected  in  the  three  and  a  half  minutes  to  four  and  a 
half  minute  time  period.  This  procedure  was  repeated  until 
oxygen  uptake  levelled  off  or  declined,  this  value  being 
taken  as  the  subject1 s  maximal,  oxygen  uptake.  The  values 
of  30  percent,  pOpercent  and  90  percent  used  in  the  following 
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experiments .were  calculated  from  this  Falue  (Appendix  C) * 
According  to  previous  investigators,  the  first  two  values 
should  represent  aerobic  work  loads,  and  the  last  an  anaer¬ 
obic  work  load  (28, 31 , 36, 37,51) 0 

2.  Collection  of  blood  samples.  The  procedure  used  in 
testing  under  each  experimental  condition  was  the  same.  The 
subject  reported,  and  rested  for  approximately  10  minutes. 

A  three  minute  gas  sample  was  then  collected  and  analysed  to 
determine  resting  oxygen  consumption,, 

The  subject  remained  in  a  lying  position  and  a  Cournand 
needle  was  inserted  into  the  brachial  artery.  A  local 
anaesthetic  was  used  to  lessen  pain,  and  once  in  position 
the  needle  was  heavily  taped.  To  help  prevent  it  from 
slipping  out  of  the  artery  in  the  longer  trials  the  subject1 s 
arms  were  held  straight  and  taped  to  a  splint. 

A  resting  6-8  cc  blood  sample  was  then  drawn.  From 
this,  blood  density,  blood  water,  and  resting  lactate  and 
pyruvate  concentrations  were  later  determined.  Following 
this  the  subject  mounted  the  bicycle  which  was  adjusted  to 
his  leg  length.  The  work  load  was  adjusted  as  soon  as  the 
subject  began  to  pedal,  and  was  regularly  checked  through¬ 
out  the  procedure.  Blood  samples  of  approximately  3  cc  were 
draen  at  5?  10  and  14  minutes  after  beginning  work  for  the 
two  longer  trials  ((a)  and  (b)  below).  The  rates  of  work 
used  in  the  three  experimental  conditions  weres 

(a).  Ninety  percent  maximal  oxygen  uptake  for  one 
and  a  half  minutes  followed  immediately  by; 
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Thirty  percent  maximal  oxygen  uptake  for  fifteen  minutes, 
followed  by; 

Ninety  percent  maximal  oxygen  uptake  for  ninety  seconds, 

(b) .  Fifty  five  percent  maximal  oxygen  uptake  for 
one  and  a  half  minutes  followed  by; 

Thirty  percent  maximal  oxygen  uptake  for  fifteen  minutes, 
followed  by; 

Ninety  percent  maximal  oxygen  uptake  for  ninety  seconds, 

(c) f  Ninety  percent  maximal  oxygen  uptake  for  ninety 
seconds. 

In  the  last  one  minute  of  exercise  gas  collection 
apparatus  was  fitted  to  the  subject  and  gas  was  collected 
from  immediately  the  subject  ceased  work  for  twenty  minutes. 
Upon' ceasing  exercise  the  subject  remained  seated  on  the 
bicycle.  Recovery  blood  samples  were  drawn  at  2,5?  and 
8  minutes  from  the  end  of  exercise,  and  the  gas  was  collec¬ 
ted  in  Douglas  bags  which  coincided  with  these  time  periods. 
Lactic  acid  and  oxygen  debt  could  thus  be  compared  to  deter¬ 
mine  whether  lactic  acid  could  in  fact  account  for  all  of 
the  debt, 

3-  Determination  of  blood  water.  Two  ccs  of  blood  from 
each  resting  sample  were  pipetted  into  beakers  and  weighed 
on  a  chemical  balance.  The  samples  were  then  transferred 
to  a  drying  oven  where  they  remained  at  a  temperature  of 
93 -95  degrees  centigrade  for  two  days.  The  beakers  were 
then  removed  from  the  oven,  allowed  to  cool  in  a  dry  air 
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atmosphere  and  reweighed.  The  difference  in  weight  rep¬ 
resented  the  weight  of  water/2cc  blood. 

4.  Determination  of  blood  density.  A  one  cc  pipette  was 
first  weighed,  and  exactly  one  cc  of  blood  then  dram  up  into 
it.  The  pipette  was  then  reweighed  to  determine  the  weight 
of  the  blood!  The  density  could  then  be  calculated  from 
the  formula  Volume  =  Weight  x  Density. 

5.  Calculation  of  oxygen  equivalents.  The  method  used  to 
calcualte  the  oxygen  equivalents  of  lactate  and  excess 
lactate  was  that  described  by  Huckabee  (25).  Since  the 
raw  data  was  obtained  in  mgm/100  ml  of  arterial  blood  it 
is  necessary  to  calculate  from  this  the  amount  of  lactate 
or  excess  lactate  present  in  the  entire  body  in  order  to 
determine  from  this  the  total  oxygen  debt.  This  in  turn 
means  that  several  assumptions  are  made.  Firstly,  it  is 
assumed  that  the  lactate  values  in  millimoles/litre  of 
blood  water  obtained  from  blood  taken  from  the  brachial 
artery  is  representative  of  tissue  changes  over  the  greater 
portion  of  the  body.  There  seems  to  be  sufficient  evidence 
that  this  is  so  (25)!  Secondly,  it  has  been  assumed  for 
calculation  in  this  study  that  Total  body  water  can  be 
predicted  from  a  knowledge  of  body  weight.  Again,  the  form¬ 
ula  used  appears  to  give  an  accurate  prediction  for  normal 
persons  (4l)i  It  is: 

Total  body  water  (litres)  =  (79.45  x  body  weight/100) 

-  ((0.24  x  (body  weight) 2)/100 )  -  (0.15  x  age  x 


bo  dy  w e  i  gh t /1 0  0 ) . 
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Therefore,  a  figure  can  he  obtained  expressing  total  lactate 
and  excess  lactate  values  in  millimoles  for  any  one  subject. 

The  oxygen  equivalence  of  this  figure  is  then  obtained 
by  multiplying  it  by  its  oxygen  equivalence  factor  of  11,2 
ml  per  mil  lactate,  thus  expressing  oxygen  debt  and  body 
lactate  in  the  same  units  for  comparison. 


CHAPTER  IV 


RESULTS  AND  DISCUSSION 


The  main  purpose  of  this  study  was  to  determine 
whether  a  high  level  of  lactic  acid  formed  in  the  body 
could  be  reduced  while  exercise  was  still  being  performed, 
but  at  an  aerobic  level.  If  it  could  be  removed  it  would 
indicate  that  lactic  acid  is  not  formed  at  all  i.evels  of 
exercise  at  a  rate  which  is  a  constant  and  proportional  to 
approximately  five  percent  of  the  metabolic  rate.  It  would 
also  indicate  that  exercise  has  to  be  anaerobic  in  nature 
before  lactic  acid  levels  rise. 

Raw  data  obtained  from  the  spectrophotometer  was 
converted  to  lactate  and  pyruvate  values  (all  in  mM/litre 
of  body  water) ,  increase  in.  lactate  (AL) ,  excess  lactate, 
oxygen  equivalent  of  excess  lactate  and  the  oxygen  equiva¬ 
lent  of  increased  lactate  by  an  IBM  3&0  computer  using  a 
FORTRAN  program  compiled  by  the  investigator.  This  program 
is  contained  in  Appendix  fAf.  Methods  and  formulas  used 
in  this  program  are  also  contained  in  Appendix  'A*  and  in 
the  chapter  entitled  '’Methods  and  Procedures”. 

Figures  I  to  IV  on  the  following  pages  represent  graph¬ 
ically  the  results  obtained  for  each  subject  on  each  of  the 
three  treatments.  The  figures  for  each  point  plotted  are 
contained  in  Appendix  *Bf.  In  each  case  values  for  AL  are 
plotted  on  the  ordinate  against  time  at  which  the  sample 
was  taken  on  the  abcissa.  Figure  I  and  figure  III  represent 
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the  average  values  for AL  and  XL  respectively  for  each 
treatment  for  the  ten  subjects. 

Consider  first  the  individual  graphs  for  AL  (figure  II). 
In  the  case  of  treatment  I,  the  JO  percent,  30  percent, 

90  percent  MVC>2  condition,  AL,  rises  abruptly  in  the  first 
one  and  a  half  minutes  of  exercise  in  every  case.  Since  the 
90  percent  MV02  level  is  well  into  anaerobic  exercise  this 
is  to  be  expected  from  the  findings  of  all  previous  invest¬ 
igators.  During  the  following  fifteen  minute  period  how¬ 
ever,  when  the  exercise  level  has  been  reduced  to  the  aerobic 
30  percent  MVO^AL  decreases  in  the  case  of  every  subject, 
reaching  almost  resting  levels  in  nine  subjects  and  in  the 
case  of  one  subject  (number  9)  even  falling  slightly  below 
the  measured  resting  level.  Thus  it  becomes  apparent  that 
if  AL  is  used  as  a  measure  the  increased  lactic  acid  formed 
during  a  short,  but  intense  exercise  bout  can  be  metabolized 
while  performing  aerobic  exercise,  bringing  the  body  lactate 
level  back  to  approximately  resting  values.  In  the  final 
one  and  a  half  minutes  of  exercise  at  90  percent  MVO2  AL 
values  again  rise  abruptly  as  expected  and  in  only  three  of 
the  ten  subjects  did  the  peak  values  exceed  the  peak  value 
of  the  initial  90  percent  bout  and  then  only  by  3,  .2  and 
,2  mMs0 l  This  will  be  mentioned  further  in  the  discussion. 
The  same  treatment  graphed  for  XL  might  be  expected  to  show 
different  results  if  the  formation  of  the  increased  lactate 
is  being  influenced  by  factors  other  than  hypoxia  (25). 
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FIGURE  I  Graphs  showing  the  mean  values  for 
A  L  for  all  treatments. 


FIGURE  II:  1  Graphs  showing  A L  values  for  all 

treatments  for  subjects  1  (top) 
and.  2  (bottom). 


FIGURE  II?  2 


Graphs  showing  AL  values  for  all 
treatments  for  subjects  3  (top) 
and  4  (bottom) , 
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FIGURE  II:  3  Graphs  showing  A L  values  for  all  treatments 

for  subject  >5* 
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FIGURE  II:  3  Graphs  showing  AL  values  for  all  treatments 

for  subject  6„ 
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FIGURE  II?  4  Graphs  showing  A L  values  for  all 

treatments  for  subjects  7  (top) 
and  8  (bottom) „ 
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Treatment  I 


FIGURE  11:5 


Graphs  showing  £L  values  for  all 
treatments  for  subjects  9  (top) 
and  10  (bottom). 
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FIGURE  III  Graphs  showing  mean  values  for  XL  for 
all  treatments 
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FIGURE  IV s  1. 


Graphs  showing  XL  values  for  all 
treatments;. for  subjects  1  (top) 
and  2  (bottom) 0 
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FIGURE  IV:  2  Graphs  showing  XL  values  for  all 

treatments  for  subjects  3  (top) 
and  4  (bottom). 
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FIGURE'  IV:  3  Graphs  showing  XL  values  for  all 

treatments  for  subjects  5  (top) 


Treatment  I 


FIGURE  IV;  4  Graphs  showing  XL  values  for  all 

treatments  for  subjects  7  (top) 
and  8  (bottom)* 
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FIGURE  IV:  5  Graphs  showing  XL  values  for  all 

treatments  for  subjects  9  (top) 
and  10  (bottom) „ 
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Clearly,  a  comparison  of  the  graphs  for  each  subject  reveals 
an  almost  identical  form 

Treatment  II  involved  exercise  at  55  percent  MVOg  for 
90  seconds  followed  by  JO  percent  MVOp  for  15  minutes,  fol-. 
lowed  by  JO  percent  MVO?  for  JO  seconds 0  Except  in  the  case 
of  subject  number  5  results  followed  a  similar  pattern  for 
both  lactate  and  excess  lactate  to  those  of  Treatment  I0 
Inspection  of  the  graphs  clearly  shows  that  the  main  diff¬ 
erence  lies  in  the  level  reached  by  AL  and  XL  under  the 
first  bout  of  55  percent  MVO2,  the  peak  value  being  consid¬ 
erably  lower  in  each  case  than  were  reached  in  the  first 
bout  of  Treatment  I.  This  is  as  would  be  expected  from 
the  difference  in  work  levels „  In  the  following  30  percent 
bout  for  fifteen  minutes,  both  AL  and  XL  levels  declined 
again  to  resting  levels*  It  is  notable  that  in  this  case, 
where  the  lactate  level  formed  in  the  initial  90  second 
bout  was  not  as  high  as  in  Treatment  I,  levels  always 
plateaued  between  the  ten  and  fourteen  minute  samples  and 
that  in  four  of  the  ten  subjects  the  level  actually  dropped 
below  that  of  the  resting  sample,  although  only  by  approx¬ 
imately  0.1  mil  in  each  case.  This  is  thus  further  evidence 
of  lactic  acid  metabolism  occurring  during  aerobic  levels 
of  exercise.  In  the  final  90  second  bout  of  Treatment  II 
levels  rose  to  a  point  very  close  to  the  levels  obtained  in 
the  ninety  percent  bout  of  treatment  I?  and  actually  the 
graph  showing  the  average  of  this  point  (figures  I  and  III) 
shows  that  it  is  slightly  above  the  level  of  Treatment  I. 
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In  fact,  if  one  considers  that  in  every  case  in  this  final 
increase  the  lactate  level  began  at  a  point  somewhat  lower 
than  in  Treatment  I  (having  returned  to  resting  level),  the 
actual  increase  in  each  case  is  somewhat  greater  than  for 
the  same  bout  in  Treatment  I. 

Treatment  III  consisted  only  of  a  short,  90  percent 
MV02  exercise  bout  for  one  and  a  half  minutes*  This  treat¬ 
ment  was  to  serve  as  a  check  on  the  90  percent  levels  reach¬ 
ed  in  the  other  treatments*  The  original  hypothesis  also 
suggested  that,  according  to  Margaria  etal.,  if  an  anaer¬ 
obic  phase  occurred  at  the  beginning  of  any  exercise  period 
before  physiological  adjustments  took  place  to  serve  the  new 
demands  placed  on  the  body  system,  then  the  amount  of  lactic 
acid  formed  in  this  period  should  be  greater  than  if  a 
subject  had  worked  aerobically  for  some  time,  and  then  per¬ 
formed  anaerobically  in  a  final  burst  of  exercise. 

Inspection  of  the  individual  graphs  for  each  subject, 
whether  for  AL  or  XL  indicates  that  this  hypothesis  is 
correct.  In  the  case  of  A.L  the  peak  value  of  Treatment 
III  exceeds  that  of  Treatment  II  by  1.44 mM  and  for  XL  by 
,73  mM/litre.  The  peak  values  forAL  (Treatment  III) 
averaged  ,  68mlvl/litre  higher  than  those  for  XL,  although 
as  in  Treatments  I  and  II  the  actual  shape  of  the  curve 
in  each  case  appears  almost  identical. 

The  standard  deviations  for  each  point  plotted  on  the 
average  graphs  for  both  Treatment  I  and  II  are  shown  in 
table  I,  Appendix  1 BT In  each  case  they  are  seen  to  be 
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quite  large.  This  indicates  only  that  there  is  quite  a  large 
variability  between  subjects  in  the  amount  of  lactic  acid 
generated  for  a  particular  work  level.  The  graphs  indicate, 
however,  that  there  is  little  variability  between  treatments 
for  each  subject,  i.e.  peak  levels  remain  consistently  low 
or  high. 

Rate  of  lactic  acid  metabolism  during  the  aerobic  phase  com¬ 
pared  to  that  at  rest.  Since  there  were  only  three  blood 
samples  collected  during  the  fifteen  minute  aerobic  period 
it  would  not  be  valid  to  compare  the  slope  of  each  graph 
mathematically.  However,  trends  can  be  obtained  by  visual 
inspection. 

The  decay  curve  for  lactic  acid  at  rest  has  been  shown 
to  be  an  exponential  function  with  a  half  time  of  fifteen 
minutes  (37)*  Therefore  the  only  Treatment  from  which  a 
comparison  can  be  made  is  Treatment  I  where  the  peaks  for 
the  90  percent  MVO^  condition  approximately  coincide. 
Inspection  of  each  individual  graph  for  ts L  reveals  that 
in  every  case  the  slope  of  the  curve  in  the  fifteen  minute 
aerobic  period  is  steeper  than  in  the  fifteen  minute  period 
immediately  following  exercise  when  the  subject  was  sitting 
resting.  This  is  also  born  out  in  the  graph  showing  the 
average  of  all  conditions.  This  supports  the  findings  of 
Edwards  and  Dill  (13)  indicating  that  metabolism  of  lactic 
acid  occurs  at  a  more  rapid  rate  when  a  subject  is  perform¬ 
ing  light  exercise  compared  to  when  the  subject  is  resting. 
The  XL  curves  show  similar  results. 
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Lactic  acid  versus  oxygen  debt,  Huckabee f s  XL  term  theor¬ 
etically  calculates  only  that  lactic  acid  which  is  due  to 
hypoxia  (28),  Therefore,  if  converted  to  its  oxygen  equiv¬ 
alent  it  should  correlate  very  highly  with  the  oxygen  debt 
at  any  time  in  exercise  or  recovery e  In  this  investigation, 
oxygen  was  collected  in  separate  bags  for  the  two,  five  and 
eight  minute  time  intervals  to  coincide  with  the  taking  of 
blood  samples  in  the  recovery  period.  It  has  therefore  been 
possible  to  compare  the  oxygen  debt  values  obtained  from  the 
gas  collection  with  the  oxygen  equivalence  figures  obtained 
for  XL  oyidAL,  calculated  according  to  the  method  described 
in  Appendix  fDv.  The  mean  value  was  calculated  for  the  two, 
five  and  eight  minute  periods  for  oxygen,  XL  andAL  from  the 
table  presented  in  Appendix  fDf.  These  means  were  then  plot¬ 
ted,  and  the  resulting  graphs  are  shorn  in  figure  V0  In 
each  case,  the  AL  values  convert  to  an  oxygen  debt  which  is 
considerably  greater  than  the  values  obtained  by  direct 
measurement.  The  XL  values  as  calculated  by  Huckabee* s 
formula  show  no  coincidence  with  the  oxygen  debt  values  as 
actual.ly  measured,  although  it  is  noticeable  that  the  curves 
show  similar  shapes.  A  point  of  interest  is  the  rise  in 
the  measured  oxygen  debt  in  the  two  to  five  minute  collection 
period  of  Treatment  III,  parallelled  by  a  similar  rise  in 
the  calculated  oxygen  equivalent  of  XL;'  Approximately  five 
percent  of  the  oxygen  debt  is  thought  to  be  associated  with 
the  extra  circulatory  and  respiratory  effort  associated  with 
recovery.  In  this  short  bout  of  intense  exercise  the  rise 
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FIGURE  V:1  Mean  oxygen  eqi valent  values  for 
L  and  XI«  compared  to  oxygen  debt 
for  treatment  I  (top  figure)  and 
treatment  II  (bottom  figure) „ 
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FIGURE  V; 2  Mean  oxygen  equivalent  values 

for  L  and  XL  compared  to  oxygen 
debt  for  treatment  III. 
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in  oxygen  debt  in  the  recovery  phase  mentioned  could  be  a 
manifestation  of  this. 

Discussion. 

The  results  from  treatment  I  present  several  aspects  worthy 
of  discussion.  Firstly,  it  would  appear  that  lactate  values 
were  still  falling  at  the  end  of  the  fifteen  minute  aerobic 
phase,  and  it  is  therefore  possible  that  had  this  period 
been  slightly  longer,  these  values  would  have  actually  reach¬ 
ed  base  level.  This  is  supported  by  the  results  from  treat¬ 
ment  II  where  the  initial  increase  in  lactate  was  not  as 
great  and  the  fifteen  minute  time  period  proved  to  be  suffic¬ 
ient  for  lactate  to  return  to  resting  values. 

Secondly,  it  was  noted  that  peak  values  in  the  final 
90  percent  bout  did  not  generally  reach  the  peak  values 
obtained  in  the  initial  90  percent  bout.  In  the  Review 
of  Literature,  it  was  mentioned  that  several  recent  inves¬ 
tigators  (13,49,51,52)  had  noted  a  small  increase  in  lactate 
values  at  the  start  of  any  exercise.  They  attributed  this 
to  anaerobic  metabolism  which  occurred  wThile  the  body  ad¬ 
justed  to  the  increased  demands  suddenly  imposed  upon  it. 

The  fact  that  the  first  90  percent  MVOg  bout  gave  higher 
values  than  the  final,  one  lends  support  to  the  above  find¬ 
ings  since  it  would  be  expected  that  as  well  as  the  increase 
in  lactate  occurring  because  of  the  90  percent  MVOg  workload, 
a  further  increase  would  take  place  while  the  body  adjusted 
as  stated  above.  As  a  workload  of  55  percent  MVOp  falls  well 
within  the  limits  of  aerobic  work,  the  initial  rise  occurring 
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under  the  55  percent  condition  of  treatment  II  is  probably 
due  solely  to  this  fact. 

The  final  90  percent  increase  of  treatment  II  rose  to 
a  slightly  greater  peak  than  for  the  same  bout  in  treatment 
I.  Why  this  should  be  so  is  difficult  to  see.  Certainly 
it  disproves  Huckabees  5  percent  of  metabolic  rate  theory 
convincingly ,  since  if  he  were  correct  this  final  level  for 
treatment  II  should  be  considerably  lower  than  that  for  treat¬ 
ment  I,  The  only  explanation  which  seems  plausible  is  that 
following  the  initial  90  percent  bout  of  treatment  I  the 
body  overcompensated  in  its  reaction  to  stress  and  maintained 
a  higher  blood  oxygen  transporting  ability  for  some  time 
following  the  stress  in  the  event  of  further  heavy  exercise. 
When  the  subject  performed  an  initial  bout  at  only  55  percent 
on  the  other  hand  overcompensation  did  not  result,  or  at 
least  not  to  the  same  degree.  Therefore,  when  the  final 
90  percent  bout  of  treatment  II  commenced  a  greater  time 
lag  occurred  before  the  body  adjusted  to  the  greater  tissue 
oxygen  demand. 

Theoretically,  the  peak  value  reached  in  treatment  III 
(90  percent  MVOg  for  90  seconds)  should  have  coincided  with 
the  value  obtained  for  the  Initial  90  percent  period  of 
treatment  I,  since  both  are  almost  maximal,  immediate  bouts 
of  exercise.  The  fact  that  the  values  for  treatment  three 
are  higher  can  be  explained  if  one  considers  the  time  inter¬ 
val  following  exercise  that  the  blood  sample  was  taken..  The 
samples  for  treatment  three  were  designed  to  coincide,  for 
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comparison  purposes  *  with  those  taken  at  the  conclusion  of 
exercise,  and  following  the  90  percent  MVOg  bouts  of  treat¬ 
ments  I  and  II,  i.e.  at  two,  five  and  eight  minutes*  The 
two  and  five  minute  periods  were  chosen  because  previous 
workers  had  indicated  that  this  was  the  time  that  it  took 
for  tissue  lactate  to  diffuse  into  the  b].ood  stream  and 
equilibrate  in  the  arterial  vessels  at  some  distance  from 
the  working  muscle* 

On  the  other  hand,  the  samples  taken  during  the  exercise 
period  were  given  an  even  spread  in  an  attempt  to  obtain  an 
accurate  indication  of  fluctuations  in  lactate  levels  during 
the  aerobic  period*  Thus,  the  first  sample  was  taken  five 
minutes  after  exercise  began;  i*e*  one  and  a  half  minutes 
later  than  the  sample  for  treatment  III*  Thus,  for  the 
conditions  of  this  experiment  it  seems  that  lactate  values 
may  have  been  peaking  in  arterial  blood  at  some  distance 
from  the  exercise  site  at  a  time  somewhere  between  one  and 
two  minutes. 

However,  it  is  notable  that  the  peak  values  for  treat¬ 
ment  III  are  somewhat  greater  than  those  obtained  for  either 
of  the  other  two  90  percent  MVO^  exercise  bouts*  This  is 
consistent  with  the  statement  above,  indicating  that  as 
vr ell  as  the  90  percent  MVQ^  anaerobic  lactate  formation, 
there  is  a  further  anaerobic  build  up  at  the  start  of  any 
exercise* 

The  fact  that  lactate  metabolism  is  more  rapid  during 
light  aerobic  exercise  than  at  rest  was  shown  not 
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only  for  AL  but  also  for  XL*  This  finding  is  contrary  to 
that  of  Huckabee,  but  is  consistent  with  that  of  Wasserman 
(58)  and  Edwards  (13).  Blood  lactate  levels  during  muscular 
work  depend  upon  the  rate  of  formation  in  the  working  muscle, 
the  rate  of  diffusion  from  the.'  working  muscle  into  the  blood 
and  adjacent  tissue,  rate  of  transport  to  sites  of  util¬ 
ization  and  the  rate  of  cellular  utilization  and  excretion 
of  lactate*  Rate  of  transport  to  sites  of  utilization  is 
increased  by  the  circulatory  increase  induced  by  exercise* 

The  main  site  of  lactate  utilization  appears  to  be  the  heart 
muscle  which  uses  it  as  fuel*  Some  is  lost  through  sweat¬ 
ing  though  this  is  probably  not  a,  factor  since  it  has  been 
shown  that  lactate  concentration  in  sweat  is  independent  of 
the  plasma  level.  Seemingly,  it  is  produced  through  sweat 
gland  metabolism  (48).  The  major  site  of  lactate  removal  is 
the  liver  where  gluconeogenesis  appears  the  most  likely 
pathway.  That  the  liver  performs  this  function  during  ex¬ 
ercise,  removing  as  much  as  50  percent  of  lactate  formed, 
has  been  shown  by  Rowell  etal  (51).  These  findings  all  lend 
support  to  the  common  practice  of  many  athletes  who  feel 
that  they  recover  more  quickly  between  events  if  they  per¬ 
form  light  exercise  such  as  jogging  in  lieu  of  complete  rest. 

The  results  comparing  XL,  /XL  and  oxygen  debt  would 
appear  to  support  the  findings  of  other  investigators  (51s59> 
3^>30,32,52)  which  negate  any  relationship  between  oxygen 
debt  and  lactate  levels.  They  also  agree  with  Wasserman* s 
finding  that  the  total  oxygen  equivalents  of  AL  or  XL  are 
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less  than  the  oxygen  debt  calculated  by  direct  measurement. 

As  Howell  notes  (51)  at  least  four  factors  determine  this 
relationship.  They  are;  the  duration  of  the  exercise,  blood 
flow  to  resting  tissue,  the  capacity  of  resting  tissues  to 
substitute  lactate  for  other  substrate  and  the  quantity  of 
lactate  produced  in  relation  to  the  metabolic  rate  of  resting 
tissues.  One  would  expect  that  as  exercise  increased  in 
intensity  and  duration  the  quantity  of  lactate  removed  by 
resting  tissue  would  become  proportionately  smaller. 

Knuttgen  (32)  found  no  correspondence  between  lactate  and 
oxygen  debt  where  the  oxygen  debt  remained  below  1.5  litres. 
In  this  study,  an  inspection  of  the  table  in  Appendix  D 
reveals  that  in  many  cases  the  oxygen  debt  did  not  exceed 
this  value,  and  that  even  where  it  did  there  is  no  close 
agreement  between  these  two  values.  According  to  the  class¬ 
ical  concept  of  exygen  debt  in  which  it  cannot  be  repaid 
in  exercise,  one  would  expect  treatment  I  to  have  the  larg¬ 
est  debt,  followed  by  treatment  II  and  then  treatment  III. 
However,  this  is  not  the  case  and  there  appears  to  be  no 
regular  pattern.  The  large  fluctuations  obtained  for  oxygen 
debt  values  from  the  direct  measurement  may  be  due  to  the 
state  of  the  subject  when  the  resting  sample  of  gas  was 
collected.  Generally  this  was  just  before  cathetarization 
when  oxygen  upta.be  may  have  been  elevated  somewhat  by  ant¬ 
icipation  of  the  procedure  to  follow. 
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Finally,  the  almost  identical  form  of  all  of  the  graphs 
showing  rise  and  fall  of  AL  and  XL  values  for  each  treatment 
is  noteworthy.  It  indicates  that  the  same  processes  are 
occurring  in  all  subjects  with  respect  to  lactate  metabolism. 

However,  treatment  II  for  subject  5  does  show  a  departure 
from  the  general  pattern.  It  is  possible  to  advance  hypothet¬ 
ical  reasons  for  the  sharp  decline  that  this  subject  shows 
once  light  exercise  began. 

Firstly,  owing  to  counterbalancing  of  trials,  treatmentll 
was  the  first  treatment  performed  by  this  subject.  An  emotion¬ 
al  effect  may  have  therefore  induced  a  rise  in  the  initial  lac¬ 
tate  level.  Huckabee  has  shown  that  factors  other  than  hypoxia 
can  produce  such  an  elevation  in  lactate  values. 

One  of  these  factors  was  hyperventilation.  When  the 
subject  reported  to  the  laboratory,  he  was  allowed  to  rest  and 
then  a  resting  gas  sample  was  collected  for  three  minutes  in 
order  to  determine  basal  oxygen  consumption.  It  is  possible 
that  some  hyperventilation  occurred  as  an  effect  of  this.  As 
the  needle  was  inserted  immediately  following  this,  elevated 
lactate  values  could  have  resulted  which  again  would  have 
returned  to  normal  once  light  exercise  began. 

Error  may  have  also  been  introduced  during  the  analysis 
of  lactate  and  pyruvate.  However,  this  seems  unlikely  as 
samples  for  other  subjects  were  analysed  in  the  same  batch  and 
the  values  obtained  gave  the  characteristic  curve  when  plotted. 
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CHAPTER  V 


SUMMARY  AMD  CONCLUSIONS 

Summary I  This  study  was  designed  to  determine  the  effect 
of  varying  the  exercise  intensity  from  anaerobic  to  aerobic 
on  blood  lactate  concentrations,.  Principally  investigated 
was  the  hypothesis  that  a  relatively  high  lactic  acid  con¬ 
centration  formed  by  an  initial  anaerobic  exercise  bout 
could  be  reduced  while  the  subject  was  still  exercising  if 
the  exercise  was  reduced  to  an  aerobic  level*  Also  studied 
was  rate  of  lactic  acid  metabolism,  both  within  exercise  and 
at  rest  following  exercise,  the  difference  in  information 
conveyed  by  ’’excess  lactate”  compared  to  increase  in  lactate 
and  the  relationship  between  oxygen  debt  and  lactic  acid 
concentration  following  exercise* 

Subjects  each  performed  three  treatment  conditions  on 
a  bicycle  ergometer.  Treatment  one  involved  exercising  for 
one  and  a  half  minutes  at  90  percent  MVO  followed  by  fif~ 
teen  minutes  at  30  percent  MVO^,  followed  by  one  and  a  half 
minutes  at  90  percent  MVO  *  Treatment  II  was  55  percent  for 
one  and  a  half  minutes,  30  percent  for  fifteen  minutes  and 
90  percent  for  one  and  a  half  minutes*  Treatment  III  was 
90  percent  for  one  and  a  half  minutes i  The  maximal  oxygen 
uptake  for  each  subject  was  determined  by  administering 
the  modified  Astrand  bicycle  ergometer  test  to  each  of  them; 
Arterial  blood  samples  were  collected  throughout  exercise 
and  in  recovery  and  analyzed  for  lactate  and  pyruvate  spec- 
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trophotometrically.  Expired  gas  was  collected  for  twenty 
minutes  following  exercise  to  calculate  oxygen  debt* 

Results  were  graphed  and  inspected  for  main  trends* 
Conclusions*  The  following  conclusions  are  supported  by  the 
results  obtained* 

1.  A  slight  increa.se  occurs  in  blood  lactate  concentration 
at  the  start  of  any  exercise*  If  the  exercise  remains  aero¬ 
bic  however  this  subsequently  returns  to  approximately  base 
level* 

2.  Lactic  acid  is  metabolized  in  exercise  if  the  exercise 
is  of  a  low  aerobic  nature* 

3.  Lactic  acid  is  metabolized  at  a  faster  rate  in  exer¬ 
cise  than  it  is  at  rest* 

4e  The  "excess  lactate”  concept  of  Huckabee  did  not  add  any 
information  additional  to  that  obtainable  from  increase  in 
lactate  alone I 

5.  There  is  no  relationship  between  the  oxygen  debt  and 
increase  in  lactate  following  an  exercise  regime  as  presen¬ 
ted  in  the  three  treatments* 

Recommendations ,  Further  studies  of  this  nature  Gould  be 
designed  to  investigate  the  following? 

1*  The  effect  of  a  longer  initial  work  period  to  raise  the 
blood  lactate  level  to  maximal  values,  followed  by  a  longer 
aerobic  period  to  provide  sufficient  time  for  lactate  levels 
to  return  to  resting  concentrations. 

2.  The  relationship  between  lactic  acid  and  oxygen  debt 
throughout  an  exercise  period  in  which  the  exercise  levels 


are  varied  from  anaerobic  to  aerobic  in  a  similar  way  to  the 


treatments  in  this  study. 
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APPENDIX  A 


LACTIC  AND  PYRUVIC  ACID  DETERMINATION 
AND  COMPUTER  PROGRAM 


6l 


LACTIC  ACID™ EN ZYMAT I C  METHOD 


1.  A  stock  standards  are  first  mad  up  by  dissolving  639.6 
mg  of  DL  Lithium  Lactate  in  100  mis  water.  This  must  be  kept 
refrigerated^  Before  making  up  working  standards  the  stock 
solution  is  diluted  5~25  nils  with  water  (cone.  =  60  mg$  L.A.). 
Working  standards  are  then  made  up  as  follows. 

Mis  diluted 


working  stds. 

0 

0.5 

1.0 

1.5 

2.0 

2.5 

3«o 

mis  PIgO 

3 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

mis.  TCA  10 % 

5 

5 

5 

5 

5 

5 

5 

Lactate 

(mgm/O.lml  SNF) 

0 

3- 75 

7.5 

11.25 

15.0 

18.75 

22.5 

2.  A  glycine  hydrazine  buffer  is  made  by  dissolving  37. 5  gm 
glycine  in  approximately  800  mis  of  distilled  water,  adding 
13.5  ml Sc  hydrazine  (S.G.  1.011,  95%)  mixing  well  and  adjust- 
ting  pH  to  9 i 0  with  2.5N  NaOH.  It  is  then  diluted  to  1000  mis. 
with  water,  and  kept  for  two  weeks  in  the  refrigerator. 

3.  Lactic  acid  Dehydrogenase  is  diluted  on  the  day  of  use 
0.4  ml.  LDH  cone,  made  up  to  3.60  mis  with  glycine  hydrazine 
buffer. 

4.  DPN  (cozymase)  is  diluted  30  mg/ml 

5.  Test  tubes  are  set  up  in  order  with  two  empty  tubes  per 
sample  tube  plus  seven  tubes  for  the  standards.  Blood  samples 
had  previously  been  centrifuged.  Into  each  of  the  empty 
tubes  is  measured  4  mis  of  Glycine  Hydrazine  Buffer  plus  LDH. 
Using  a  .2  ulU  pipette,  ,2  ml  of  SNF  (supernatant  fluid)  of 
each  specimen  is  added  to  the  Glycine  Hydrazine  Buffer  and 


. 
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mixed  well* 

6.  At  zero  time  0.4  mis  D.P.N.  are  added  to  the  set  of  dup¬ 
licate  blanks,  and  thereafter  consecutively  to  the  remaining 
tubes.  The  tubes  are  shaken  after  the  addition  of  D.P.N.  and 
allowed  to  remain  at  25-26  degrees  Centigrade  for  exactly  one 
hour. 

7.  Two  optical  density  readings  are  then  taken  at  335  mu 
against  distilled  water  using  the  UNICAM  spectrophotometer. 

The  average  of  the  two  readings  is  read  as  the  final  value  for 
lactic  acidl 

Calculations ; 

1.  From  the  readings  for  the  7  standards  a  standard  curve  is 
plotted.  This  gives  the  lactate  result  in  Mgm/0,1  mis  SNF 
Then  s 

Lactic  Acid  =  (Result  in  mgm/0,1  ml  SNF)  x  (V'ol  TCA  + 
(mg/o)  Vol,  blood)  x  100  ml 

Volume  of  blood 

La.ctic  Acid  ~  (T  in  Mgm/0,1  ml  SNF)  x  (5  ml  *  V  mis) 

(m g%)  x  100  ml 

V  mis 

Lactic  Acid  =  T  x  (5  4-  V) 

(mg/£)  V 


To  convert  units  to  millimoles/litre? 


G.M.W,  of  lactic  acid  =  90.08 

Then  1  mole  of  Lactic  Acid  =  90.08  gins 

1  gin  -  1/90.08  moles/  millilitre 
Therefore  1  mgm  =  1/90. 08  millimoles 

Then,  as  results  obtained  above  were  in  mgm/100  ml  blood  to 
convert  x  mgm/100  ml  blood  to  millimoles/litre  blood 
=  (x)  x  10/90.08  millimoles/litre  blood 
To  convert  to  millimoles/litre  of  blood  water 1 

2  ml  blood  contain  x  ml  water 
Therefore,  1  ml  blood  contains  x/2  ml  water 

=  ( (x)  x  10)/(90.08  x  blood  water(ml)  x  .05)  millimoles/ 


litre  blood  wtr. 
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PYRUVIC  ACID-CHEMICAL  METHOD 

Reagents. 

1.  10/?  TCA  (refrigerated). 

2.  0.1$  D.N.P.H.  made  by  grinding  100  mg  2:4  dinitro- 
phenylhydrazine  repeatedly  in  a  mortar  with  volumes  of 
about  5  elL  2NHCL.  The  supernatuant  is  decanted  into  a  100  ml 
measuring  cylinder  and  this  process  continued  until  the  100 
ml  mark  is  reached. 

3.  Toluene. 

4.  10$  Na2C0^. 

5.  1.5N  NaOH. 

6.  The  stock  standard  is  made  by  dissolving  375  rig  of  sodium 
pyruvate  in  100  ml  H^O  to  give  the  equivalent  to  300  mg$ 
pyruvic  acid. 

7»  From  the  stock  standard,  working  standards  are  made  as 
follows. 

a.  Dilute  stock  It 100  with  water  prior  to  use,  to  give 
3  mg$  pyruvic  acid. 

b.  Standards  are  then  made  up  as  follows: 


mis  working 
standard 

0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

mis  H2Q 

3.0 

2.5 

2.  0 

1.5 

1.0 

0.5 

0.0 

mis  TCA  10$ 

5 

5 

5 

5 

5 

5 

5 

Pyruvate 
(mgm/2ml  SNF) 

0 

3.75 

7.5 

11 . 25 

15.0 

18.75 

22.5 

Procedure. 

1.  Into  duplicate  stoppered  centrifuge  tubes  pipette  2mls  SNF 
of  sample,  2  mis  TCA  diluted  standards,  aid  2  mis  blank  (0mg$ 


65 


of  sample,  2  mis  TCA  diluted  standards,  and  2  mis  blank  (Omg$ 

P.A.  std, ) . 

2.  Allow  tubes  to  equilibrate  at  room  temperature* 

3.  Add  1  ml  0 . \%  D.P.N.Ho  reagent  at  30  second  intervals* 

Allow  each  tube  to  stand  for  exactly  5  minutes. 

4.  Add  2  mis  Toluene.  Stopper  tube  immediately  and  extract 
hydrazone  by  inverting  10  times* 

5.  With  a  Pasteur  pipette,  aspirate  the  lower  layer  and  dis¬ 
card. 

6.  Add  2.5  Eils  10 %  NagCO^,  stopper  and  shake  well  for  1  min.. 

7.  Transfer  2  mis  of  lower  layer  (Na^CO^)  to  a  small  test 
tube  in  which  is  2  mis  1.5N  NaOH.  Mix  to  develop  colour. 

8.  Read  O.D.  at  520  mu  on  UNICAM  model  spectrophoto¬ 

meter. 

Calculations . 

1.  From  the  readings  for  the  7  standards  a  standard  curve 
is  plotted.  This  will  give  pyruvate  result  in  gm/2  ml  SNF. 

Then  pyruvic  acid  (m gfo)  = 

(result  in  gm/2ml  gm/2ml  SNF)  x  (Vol  TCA  4-  Vol  bl ood)  x  3,00ml 

Vol  blood 

(T  in  gm/2ml  SNF) (5ml s  +  V  mis)  x  100  ml 

V  mis 

=  T  x  (5  +  V) 

mgfo 


20  V 


This  value  is  then  converted  to  millimoles/  litre 
done  for  lactic  acid, 

G.M.W.  for  pyruvic  acid.  -  88«06„ 
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LEVEL  1,  MOD  4  MAIN  DATE  =  70207  15/24/36 

DIMENSION  NA{ 186 ), NO  I  186 ) , TBWI  10 ) ,FLAC( 1 86)  ,FPYR ( 186) , XLAC l 186)  , 
1DLACI 186 ) , 02 E( 18  6) ,D02E ( 186) ,  Q  LWTR (10) ,  AGE  CIO), BWT ( 1 0 ) , WT ( I  86 ) , DEN 
7  {  186)  ,ALACI 186),  SLLI  186)  ,  P  YR  I 186)  ,SLPI  186) 

17  FORMAT 1 1 H, 5X ,4HN  AME,  4X»  1 1HBLOOD  WATER, 4X, 16HT0TAL  BODY  WATER, 4X,6H 
8 WE  I  GUT , 4X , 3HAGE) 

WRITEI6, 17 ) 

DO  11  L=l,10 

READ (5, 3) NX, BWT  (  L)  , AGE ( L ) , BL WT  R ( L ) 

3  FORMAT  II 2, F5.2,F4.2, F5.3 ) 

IF! NX, EQ.77) GO  TO  4 

BWT  {  L  )  =  B  WT  (  L  )  *  •  4  54 5 

TBWIL)=I79.45*BWTIL) /  100  >- { ( 0. 24*1 BWT ( L ) **2 ) ) / 100) - ( 0 . 1 5* AG E { L ) *BW 
4T( L) / 1 00 ) 

16  FQRMATI6X, I2,8X,  F6.3,10X,F6.3, 12X,F3.0,6X,  F3.0) 

WRI TE  ( 6 , 16  )  NX  »  BL  WT  R(  L  )  ,  T  BW  (  L  )  ,  BWT  { L  )  ,  AGE  (  L  ) 

11  CONTINUE 

4  DO  6  1=1,  186, 1 

READ (5 ,2 ) NA ( I ) ,N0( I ) , WT ( I ) , DEN ( I ) , AL AC ( I ) , SLL (I) , PYRI I ) ,SLP ( I ) 

2  FORMAT ( I  2,12, F6. 5 , F6 . 5 , F4. 2 , F4 . 3 , F4. 2 , F4 . 4 ) 

IFINAII ) • EQ . 77 ) GO  TO  14 
VOL=WT ( I ) /DENI  I) 

TLAC=ALAC (  I ) /SLL I  I  ) 

RLAC=TLAC*I5+V0L  )/VOL 
K=NA( I ) 

FLACI I )=RLAC*10.  0/ 1 90. 08*BLWTR ( K ) *0 . 5 ) 

IFINOII)  .EQ.ll )OLAC= FLACI  I  ) 

I F ( NO ( I )  «  EQ. 12 ) OL AC=  FL  AC  I  I  ) 

IF (NO  I  I)  .EQ. 13 )OLAC= FLACI I  ) 

TPY  R=RYR I  I ) / SLR  (  I ) 

RPYR=TRYR* (5+VOL ) / l VOL*20 ) 

FRY  R  I  I )  =  RPYR*10«  0/ 188. 06 *B  LWTR I K)*0.  5) 

IFINOII)  oEQ.ll )OPYR=FPYR I  I  ) 

IF  I  NO (  I ) .EQ. 12)0  P YR=  F  PYR I  I  ) 

IFINOII )  .EQ. 13)0  PYR=  FP YR I  I  ) 

DL AC ( I )= FLACI I )-OLAC 

XLAC I  I ) =DL AC  I  I )- IFPYRI I ) -OPYR ) *  I  OL AC/OPYR ) 

I  FI  NO  I  I )  . EQ. 23)0  0  TO  8 
IF (NO! I ) . EQ.33IG0  TO  8 
I F ( NO  I  I  )  e  EQ.  43 ) G  0  TO  8 
IFINOII)  .  EQ.5DG0  TO  8 
IF  I NO(I )  . EQ. 61 )G0  TO  8 
IF  I  NO  I  I  )  *  EQ.  71  )G  0  TO  8 
IF  I  NO ( I ) . EQ . 52 )G 0  TO  8 
IF  I  NO! I ) .EQ. 62 )G0  TO  8 
IFINOII). EQ. 72)30  TO  8 
GO  TO  6 


. 
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8  02E {  I  )  =  TBW{K)*11 .2*XLAC! I ) 

D02E {  i  )  —  T B W { K ) *1 1.2*DLAC ( I  ) 

6  CONTINUE 

14  WRITE! 6, 15) 

15  FORMAT ( 1H  » 13X,2HSB, 1X,2HN0,3X, 2HWT,5X, 1HD,4X, 1 HL , 4X, 2HSL , 3 X ,1HP,4X 
9 ,lH5f4X, 2HLA,3Xy  2HIL ,3Xf  2HXL t  3X  ,2HPY ,5X, 3H02X , 4X , 3HG2I ) 

DO  19  M= 1 t  136 

W  R I T  E ( 6 1 1 8 ) N  A { M )  f  NO ! M ) , WT ( M ) , D EN ( M ) , ALAC l M ) ,SLL(M) ,PYR(M)  , SLP(M) ,F 
1LAC(M)  f D  L AC ! M ) , X L AC ( M ) , F PY R { M )  ,02£(M) ,  DQ2E ( M) 

18  FORMAT! 1 3X , 1 2 , IX , I  2 , 1 X , F6. 4 , 1 X , F6* 4 , IX , F4 . 1 , IX , F4„ 2 , IX , F4. I , IX , F4. 
22,1X,F4.1,1X,F4.  l,lX,F5.2,lX,F4.1#lX,F6,l,lX,F6.n 

19  CONTINUE 

20  STOP 
END 


APPENDIX  B 


LACTATE/PYRUVATE  DATA 
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KEY  TO  DATA  COLUMNS 
1  *>  S B  Sub j  ect  numb e r s 

2.  NO  Code  for  treatment  and  sample  number.  e*g.  11 

is  the  first  sample  of  treatment  I,  23  is  the  second  sample 
of  treatment  III. 

3.  WT  Weight  of  blood  sample  taken 

4.  D  Density  of  subject’s  blood 

3*  L  Speotrophotometric  reading  of  lactate 

6.  SL  Slope  obtained  by  plotting  lactate  standards 

read  on  spectrophotometer 

7.  P  Spectrophotometrlc  reading  of  pyruvate 

8.  S  Slope  obtained  by  plotting  lactate  standards 

read  on  spectrophotometer., 

9.  LA  Lactate  Mm/litre  of  blood  water,  calculated  as 

described  in  Appendix  *Af 

10  c  IL  _ __Increa.se  in  lactate  Mm/litre  of  blood  water  CcaO 

11.  XL__ _  Excess  lactate  in  Mm/  litre  of  blood  water, 

calculated  according  to  Huckabees  formulae. 

12.  PY_ Pyruvate  Mm/litre  of  blood  water,  claculated 
as  described  in  Appendix  *A* 

1 3^  02x^  ___  Oxygen  equivalent  of  excess  lactate,  calculated 

as  described  in  Appendix  ®Df 

14.  Op, I  Oxygen  equivalent  of  increased  lactate,  calcul¬ 


ated  as  described  in  Appendix  {D 


' 


71 


o 

*- 

■ft 

in 

O' 

H- ( 

• 

yv 

•ft 

• 

• 

• 

CM 

o 

# 

m 

r- 

r- 

O 

%/ 

•ft 

•ft 

CM 

in 

— < 

■ft 

$• 

CO 

in 

•K- 

•ft 

•ft 

UJ 

• 

• 

© 

• 

• 

t 

* 

• 

» 

* 

o 

O 

O 

O 

r- 

rH 

O 

in 

in 

't 

*4* 

n- 

in 

'$■ 

in 

CM 

X 

• 

• 

• 

• 

• 

* 

• 

< 

CM 

<\j 

cm 

<\J 

CM 

CM 

CM 

cm 

<\! 

CM 

CM 

o 

O 

o 

o 

CO 

o 

CO 

o 

1 

O' 

CM 

in 

in 

CM 

y~ 

r- 

m  sC  h 

r- 

X 

• 

• 

• 

e  c  » 

• 

o 

• 

* 

* 

« 

* 

• 

• 

t 

t 

♦ 

>> 

O 

o 

o 

0 

0 

0 

o 

►H 

>fr 

in 

—4 

O' 

O' 

m 

vt 

o 

in 

n 

a. 

UJ 

CO 

vO 

n- 

f- 

o 

CO 

r-- 

h- 

n0 

r- 

3: 

CM 

O'  in  c\j 

rH 

o 

0- 

n 

O  rH 

rH 

« 

t 

• 

©  ©  © 

• 

X 

o 

o 

o 

0 

I 

0 

o 

a: 

UJ 

o 

n 

rH 

2 

6 

1 

CO 

r4 

* 

• 

* 

$  ©  © 

• 

< 

hH 

o 

rH 

rH 

O 

o 

:< 

>- 

o 

o 

rH 

2 

6 

1 

CO 

Q 

CM 

o 

sf 

in 

o 

o 

vO 

m 

O' 

n 

< 

• 

• 

» 

»  *  • 

• 

a 

CM 

in 

o 

h- 

M- 

rH 

CM 

cm 

in 

co 

-J 

rH 

CM 

CM 

H  CM  <M 

rH 

CO 

in 

CO 

cn 

o 

0' 

rH 

r- 

O' 

CD 

sO 

t 

• 

• 

© 

• 

e 

* 

* 

• 

* 

_J 

o 

CO 

**H 

sT 

o 

s0 

CM 

m 

00 

CM 

-4- 

>4" 

vj-  vt 

<4" 

<; 

>4“ 

m 

nT 

«4* 

M- 

M* 

■<r 

rn 

-4- 

n 

n 

in 

n  n  n 

n 

H 

00 

* 

• 

• 

©  ©  © 

• 

O 

o 

o 

o 

0 

0 

0 

o 

H” 

rH 

rH 

co 

3 

0 

0 

rH 

9 

t 

• 

«  ©  © 

• 

CL 

CM 

h- 

n 

ro  o  o 

rH 

rH 

rH 

rH 

— J  CM  (\J 

CM 

O'. 

UJ 

rH 

rH 

rH 

» — <  rH  rH 

.H 

_) 

<5- 

't 

'4- 

<}•  <f  sj- 

< 

n- 

in 

r*- 

CO 

in 

co 

e'¬ 

-T 

to 

• 

t 

t 

©  ©  « 

« 

3: 

00 

o> 

r- 

O' 

IS' 

o 

in 

o 

en 

CM 

CM 

CM 

CM 

rsj  (M  c\j 

CM 

in 

n 

in 

in 

in 

'0 

m 

■>0 

n 

O 

a 

• 

• 

• 

• 

« 

« 

* 

* 

• 

* 

O 

O' 

CO 

3 

T 

3 

O 

a 

rH 

rH 

r-H 

•”i 

•H 

rH 

rH 

rH 

|H 

rH 

« 

« 

• 

f  ©  © 

• 

o 

_) 

C— 

m 

o 

co  o  ^ 

m 

rH 

rH 

f\J  r-H 

i — i 

CO 

sO 

vO 

o 

vO  o  o 

n 

rH 

rH 

rH 

rH  H  rH 

r-H 

D 

f- 

r- 

r~* 

h~  h- 

r~ 

o 

o 

o 

o  o  o 

o 

UJ 

• 

* 

• 

♦  e  * 

• 

sc 

H 

rH 

r*^  >H  rH 

rH 

< 

rH 

CM 

m 

in 

-o 

r- 

CO 

O' 

o 

2C 

rH 

in 

'■O 

O 

sO  co  CO 

-0 

ZSfMsDnrncoa'n- 

in  'T  cm  *T  in  in  n- 

»  «  »  «  e  •  ® 

ro  <M  c\j  rn  <r  m  m 

o 

^  r — I  rH  rH  rH  rH  r*l 

”  h  w  m  ^  in  o  h 

CD 

C/7  f~rt^  » — H  »H  rH  rH  rH  rH 


' 


72 


o 

•If 

o 

r- 

in 

in 

CM 

•>? 

■If 

# 

rH 

PO 

4" 

o 

ro 

o 

O 

• 

'If 

• 

if 

*>r 

• 

• 

• 

# 

■If 

•if 

• 

• 

t 

• 

c 

• 

• 

o 

o 

■If 

h 

C\J 

ro 

■Jf 

•if 

co 

o 

h 

o 

O 

4- 

CM 

1 

#■ 

1 

■If 

o 

O 

4" 

•vf 

# 

•If 

■a 

Is- 

4s 

o 

o 

CO 

■If 

-tf 

o 

CO 

in 

•if 

w 

n 

■If 

J,f 

co 

CM 

CO 

m 

1 

* 

■If 

rH 

V' 

*n' 

-If 

•if 

H 

i-4 

o 

o 

o 

O 

o 

CO 

CM 

O 

o 

O 

o 

r- 

ro 

h 

o 

o 

O' 

ro 

t 

c 

• 

• 

• 

• 

c 

f 

• 

« 

» 

• 

• 

• 

• 

• 

• 

« 

o 

o 

o 

O 

4^ 

in 

o 

o 

o 

o 

r—4 

ro 

■o 

o 

Is- 

CM 

h 

ro 

4- 

in 

4^ 

CO 

1 

o 

«*H 

in 

f\l 

•—4 

in 

CM 

CO 

1 

i 


ro 

O' 

h 

in 

Is- 

Is- 

vO 

ro 

CO 

O' 

in 

o 

*H 

O' 

in 

in 

in 

in 

• 

* 

• 

* 

• 

• 

t 

• 

* 

« 

* 

• 

• 

* 

• 

• 

s 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

rH 

rH 

o 

o 

rH 

o 

o 

h 

ro 

in 

CM 

ro 

CM 

ro 

in 

CO 

CM 

co 

o 

ro 

ro 

o 

o 

(M 

o 

ro 

in 

ro 

O 

4^ 

in 

4* 

in 

rH 

O 

sQ 

o 

o 

• 

• 

• 

* 

• 

t 

• 

* 

• 

• 

• 

© 

• 

C 

• 

• 

• 

* 

o 

rH 

o 

O 

r-l 

o 

o 

o 

r— 4 

o 

1 

H 

rH 

o 

o 

o 

r— 4 

1 

o 

o 

1 

o 

ro 

4" 

4> 

in 

CO 

CM 

o 

O 

o 

o 

o 

vQ 

cc 

o 

o 

o 

CM 

* 

• 

• 

* 

• 

e 

• 

• 

• 

* 

• 

© 

• 

• 

• 

• 

• 

c 

o 

ro 

rH 

o 

CM 

rH 

i-4 

o 

CM 

#»H 

CM 

CM 

CM 

r— i 

o 

o 

o 

O 

1 

O' 

CM 

ro 

in 

4- 

h~ 

• — 4 

CO 

in 

CO 

O' 

CO 

in 

r- 

CM 

CO 

CM 

• 

• 

f 

* 

• 

t 

t 

e 

v 

e 

• 

f 

• 

• 

• 

• 

« 

e 

o 

4* 

CM 

H 

ro 

CvJ 

CM 

o 

ro 

fH 

CM 

ro 

ro 

CM 

t — 4 

r—1 

» — 4 

rH 

4" 

4* 

41 

4- 

vt 

-t 

'i- 

M- 

s4- 

-4- 

<}* 

Is- 

h 

h 

h 

in 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

m 

in. 

in 

in 

• 

c 

■ 

• 

• 

c 

« 

• 

» 

• 

• 

• 

• 

• 

• 

• 

* 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

CO 

CM 

CO 

co 

ro 

ro 

rO 

CM 

o 

o 

o 

CM 

o 

CO 

CO 

in 

• 

* 

• 

• 

♦ 

• 

0 

• 

* 

f 

t 

t 

44 

• 

* 

• 

* 

• 

M-> 

sO 

O 

h 

•4- 

O' 

O 

m. 

CC 

m 

vt 

CO 

CO 

O' 

rM 

o 

Is- 

i— 4 

CM 

CM 

i — i 

CM 

CM 

r— < 

r-4 

CM 

CM 

r— 4 

CM 

CM 

r-4 

in 

CM 

rH 

r — 4 

f*H 

—4 

r-4 

rH 

r-4 

rH 

■H 

r* 4 

r—A 

r— 4 

r— 4 

r-4 

r— 4 

o 

o 

O 

o 

>4* 

4" 

4* 

-4- 

*4- 

*4* 

st 

-4" 

•4" 

'4- 

*4- 

't 

CM 

CM 

<M 

CM 

♦ 

• 

• 

• 

• 

44 

C 

• 

• 

• 

• 

« 

t 

• 

• 

« 

• 

c 

CM 

CM 

CM 

CM 

CM 

CM 

Cv} 

CM 

CM 

CM 

nj 

CM 

CM 

CM 

CM 

rM 

CM 

CM 

CM 

O 

O 

CT 

O 

CM 

r»H 

CM 

Is- 

CM 

CM 

O 

CO 

ro 

in 

M3 

in 

sO 

e 

♦ 

• 

• 

t 

• 

9 

• 

• 

• 

• 

* 

• 

• 

• 

4> 

• 

• 

h 

O' 

in 

r-4 

f- 

O 

in 

•O 

in 

ro 

co 

r — 1 

O' 

in 

CO 

CM 

O' 

Is- 

CM 

r— 4 

r-4 

CM 

CM 

r— ^ 

CM 

r-4 

rH 

CM 

rH 

H 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

-t 

•4* 

s4" 

-t 

-4- 

-4* 

o 

o 

o 

o 

h 

h 

h 

r-» 

r- 

Is- 

r~ 

CM 

CM 

CM 

CM 

CM 

(M 

CM 

o 

'0 

sO 

'O 

h 

h 

h 

Is- 

h- 

r- 

r- 

Is- 

r- 

r-- 

f- 

Is- 

Is- 

O' 

hr 

h 

h 

h 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

O 

O 

O 

o 

O 

o 

O 

O 

• 

44 

• 

» 

• 

• 

• 

« 

t 

• 

4) 

• 

« 

• 

« 

* 

• 

• 

r—4 

rH 

i — 4 

r— 4 

r— >i 

rH 

r-4 

r-4 

r-4 

rH 

r-4 

r-4 

r*H 

r— ( 

r-4 

rH 

CM 

CO 

O 

ro 

in 

ro 

ro 

Is- 

O' 

ro 

in 

in 

o 

4D 

h 

O' 

O 

CO 

O' 

O' 

O' 

r-4 

co 

M- 

CO 

ro 

rM 

Is- 

r- 

O' 

in 

Is- 

in 

CO 

o 

in 

•—4 

4" 

ro 

CM 

in 

ro 

ro 

in 

vO 

fO 

•4* 

co 

o 

O' 

(M 

CM 

o 

nT 

CO 

in 

CO 

m 

in 

o 

r- 

O 

o 

co 

r-4 

uo 

o 

o 

rH 

r-4 

o 

ro 

• 

« 

• 

• 

• 

• 

• 

0 

• 

• 

• 

* 

• 

• 

0 

t 

• 

44 

4- 

CO 

ro 

«4- 

v4- 

'4' 

ro 

-4* 

•4“ 

ro 

ro 

CM 

CM 

o 

'4' 

•4* 

in 

r— 4 

r-4 

rH 

r-4 

r— | 

r~  -4 

r-4 

r— 4 

r-4 

•H 

ro 

ro 

CO 

ro 

r— 4 

CM 

ro 

■s’ 

in 

vO 

Is- 

CM 

ro 

•4- 

in 

O 

Is- 

f-»4 

<M 

ro 

CM 

CM 

CM 

CM 

rM 

CM 

rM 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

<r 

M- 

•4- 

O 

V- 

# 

o 

-4- 

O' 

O' 

vj- 

ro 

14 

rf 

■If 

rH 

o 

CM 

sO 

• 

V 

Vi 

• 

• 

• 

• 

» 

• 

■If- 

* 

■a 

« 

t 

4 

• 

O 

# 

•If- 

o 

O 

CM 

V" 

CM 

O 

•41 

,>r, 

o 

■if 

•if 

o 

O' 

O 

r- 

1 

* 

w 

-/r 

ro 

CM 

* 

O' 

<M 

rH 

-If- 

tt 

-«■ 

Is- 

r-4 

co 

& 

■ir 

■K- 

CM 

>4* 

X 

yv 

O' 

ro 

0- 

-if 

o 

O' 

vO 

■M1 

•K- 

rH 

CM 

CM 

rH 

^5- 

■st- 

■if 

rH 

■& 

o 

^5’ 

h 

in 

rH 

in 

r- 

4? 

-|f- 

-«• 

o 

o 

ro 

o 

ro 

* 

* 

# 

• 

» 

44 

-Jc 

• 

t 

• 

4f- 

4;- 

» 

• 

c 

* 

• 

* 

o 

■if 

^r 

r-4 

O' 

o 

ro 

Is- 

h 

•if- 

o 

o 

O' 

o 

CO 

tr 

V 

■N- 

•If- 

in 

o 

O' 

o 

co 

in 

■If 

O' 

in 

CO 

* 

■» 

•K- 

o 

CM 

ro 

•if 

in 

O 

o 

•if- 

•If 

CO 

in 

ro 

•If- 

rH 

1 

1 

vf 

CM 

rH 

H 

u 

>4 

V 

i 

O' 

r-H 

O' 

ro 

h 

ro 

rM 

in 

O' 

rH 

(NJ 

in 

O 

vO 

in 

Is- 

o 

O' 

• 

e 

• 

c 

• 

• 

• 

e 

• 

• 

c 

• 

e 

• 

• 

» 

e 

• 

o 

rH 

o 

O 

o 

rH 

rH 

O 

o 

rH 

rH 

o 

o 

o 

o 

o 

rH 

o 

M- 

rH 

O' 

o 

o 

in 

'O 

h 

in 

h- 

•4- 

CO 

Lf\ 

rH 

o 

O 

CO 

o 

M' 

co 

O 

o 

CM 

o 

O 

CO 

rH 

CC 

rH 

CO 

• 

t 

• 

• 

• 

• 

• 

• 

« 

• 

• 

» 

t 

t 

• 

« 

e 

• 

o 

1 

o 

1 

o 

1 

r>o 

O 

1 

o 

1 

o 

V*- 

no 

CM 

o 

O 

O 

O 

r*H 

rH 

o 

o 

't 

sO 

rH 

h 

O' 

o 

o 

00 

in 

ro 

o 

rH 

rM 

ro 

• 

• 

• 

9 

• 

* 

• 

« 

• 

44 

• 

« 

9 

t 

t 

» 

t 

* 

o 

o 

1 

o 

1 

ro 

i 

CM 

o 

o 

o 

in 

-4- 

ro 

o 

rH 

o 

o 

CM 

rH 

rH 

in 

rH 

O' 

>* 

CM 

'4- 

in 

O' 

o 

^3* 

nj 

h 

CO 

rH 

O' 

O' 

■o 

rH 

« 

f 

• 

• 

44 

• 

• 

* 

» 

• 

• 

• 

e 

t 

• 

f 

• 

t 

ro 

ro 

CM1 

o 

S0 

ro 

o 

o 

in 

-4- 

o 

rH 

o 

CM 

CM 

(XI 

r- 

h 

h 

h 

f- 

h 

h 

Is- 

h 

h 

h 

Is- 

r~ 

h 

h 

h 

n- 

h 

un 

un 

in 

in 

in 

in 

in 

in 

in 

uo 

in 

in 

in 

UO 

in 

in 

in 

in 

• 

• 

• 

• 

» 

* 

• 

• 

« 

c 

• 

• 

• 

• 

• 

• 

0 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

co 

O' 

CO 

C0 

4" 

O' 

in 

h 

r~t 

rH 

r— 4 

s0 

m 

CM 

CO 

CO 

O' 

o 

« 

• 

• 

• 

* 

• 

• 

• 

• 

• 

♦ 

• 

• 

• 

* 

• 

9 

t 

ro 

rH 

h 

O' 

4* 

CM 

4’ 

ro 

4- 

ro 

O 

ro 

co 

O' 

4) 

4" 

r- 

in 

CM 

ro 

CM 

CM 

4- 

4* 

rH 

ro 

4" 

4* 

rH 

CM 

r—4 

rH 

CM 

no 

co 

O 

o 

o 

o 

o 

O 

O 

o 

O 

o 

O 

o 

O 

o 

o 

O 

o 

o 

CM 

(M 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

(M 

CM 

CM 

CM 

eg 

CM 

• 

• 

• 

• 

• 

• 

* 

♦ 

• 

• 

• 

• 

• 

♦ 

• 

« 

• 

t 

CM 

CM 

CM 

CM 

CM 

CM 

rM 

<M 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rvj 

CM 

CM 

h 

CO 

rH 

CM 

Is* 

O' 

O 

O 

O 

4- 

o 

O 

ro 

CM 

O' 

no 

r-H 

h 

4) 

• 

t 

• 

• 

* 

• 

• 

• 

* 

t 

• 

* 

• 

• 

f 

t 

* 

h 

Is- 

CO 

<M 

CO 

CO 

sO 

in 

O' 

o 

ro 

4- 

ro 

h 

UO 

O 

O 

4> 

rH 

rH 

rH 

41 

CM 

CM 

41 

4* 

ro 

r— 4 

CM 

CM 

rH 

<i* 

•4" 

4- 

4" 

4* 

4’ 

4' 

h 

h 

h 

Is- 

4* 

4s 

4- 

4* 

4* 

4‘ 

4- 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CM 

CM 

CM 

<M 

ro 

ro 

ro 

ro 

no 

ro 

ro 

cc 

CO 

cc 

CO 

CO 

co 

cc 

fv. 

h 

h 

h 

h 

Is- 

n- 

Is- 

Is- 

h 

h 

o 

O 

o 

o 

Q 

o 

a 

O 

o 

O 

O 

o 

O 

o 

o 

o 

o 

o 

• 

• 

« 

• 

* 

» 

• 

» 

• 

f 

* 

• 

e 

• 

• 

9 

• 

e 

r-4 

r— 4 

rH 

rH 

rH 

rH 

rH 

r-4 

r-4 

rH 

r^-4 

r"H 

rH 

rH 

»—4 

rH 

rH 

rH 

in 

4* 

tH 

4* 

O 

sO 

CM 

ro 

ro 

4’ 

O' 

UO 

o 

rH 

4- 

CM 

O' 

o 

r- 

<M 

in 

o 

4s 

ro 

in 

O' 

in 

<5 

»H 

<t 

c 

h 

Is- 

h- 

o 

Is- 

h 

00 

CM 

h 

no 

4- 

ro 

O' 

CM 

N 

O' 

CO 

ro 

CM 

in 

sQ 

O' 

ro 

vO 

rH 

Is- 

rH 

O 

o 

ro 

o 

v0 

CO 

CM 

r— 4 

MD 

O' 

r-4 

rH 

r~l 

ro 

C 

f 

• 

0 

4| 

* 

« 

• 

« 

« 

41 

« 

t 

• 

e 

© 

0 

e 

CM 

ro 

ro 

ro 

4* 

4- 

in 

CO 

4- 

4* 

in 

ro 

4* 

ro 

4' 

<r 

in 

in 

CM 

CM 

CM 

CM 

rM 

CM 

CM 

ro 

ro 

no 

ro 

CM 

CM 

CM 

rM 

CM 

CM 

rM 

H 

CM 

ro 

41 

in 

4) 

r~* 

r-4 

CM 

ro 

4" 

r*H 

CM 

no 

4* 

uo 

o 

r- 

in 

in 

in 

in 

uo 

in 

uo 

sQ 

O 

o 

O 

Is- 

Is- 

Is- 

h 

Is- 

Is- 

h 

■ 


' 

. 


■  • 


73 


* 

CM 

O 

O' 

o 

o 

o 

o 

o 

ro 

CM 

St 

•-T 

■a- 

o 

o 

o 

O' 

•3T 

>{. 

4- 

4 

O' 

CO 

ft 

o 

rH 

CM 

4 

it 

•»r 

rH 

cc 

r- 

VI 

V 

ft 

* 

9 

© 

# 

• 

• 

9 

4 

• 

• 

• 

•}* 

4- 

* 

• 

• 

• 

4r 

V- 

4 

ft 

9 

« 

• 

• 

« 

• 

• 

w 

• 

* 

• 

c 

St 

ns' 

■K- 

r- 

vO 

in 

o 

o 

r-t 

o 

ft 

in 

cm 

•?<• 

<- 

■K 

o 

ft 

ft 

CO 

VI 

VT 

4- 

4- 

ft 

ft 

45 

4 

45 

o 

ft 

o 

* 

in 

CO 

O' 

rH 

ft 

o 

O' 

o 

1 

o 

o 

cc 

# 

4 

1 

ft 

ft 

o 

# 

4- 

4 

ft 

CO 

in 

ro 

o 

co 

45 

in 

00 

CO 

r«-4 

ft 

V* 

CO 

CNJ 

o 

ft 

4 

4- 

* 

O' 

o- 

ft 

■ft 

4- 

4 

ft 

o 

C0 

in 

4 

45 

4 

* 

O' 

c0 

r—l 

ft 

■a 

r-i 

rH 

•— < 

* 

•>c 

4- 

4 

ft 

CM 

rH 

CM 

rH 

t — 1 

f-i 

f~l 

f—4 

ft 

1 

9 

in 

.h 

CO 

ro 

o 

■£ 

in 

o 

O' 

o 

rH 

V 

A 

o 

o 

co 

ft 

O 

O 

CM 

CO 

45 

ft 

ft 

p~i 

CM 

45 

O' 

r0 

H 

o 

* 

9 

• 

• 

• 

• 

■'A 

» 

• 

• 

• 

C 

W 

7f 

• 

• 

• 

• 

0 

• 

* 

« 

• 

• 

4 

• 

• 

* 

* 

t 

* 

^s* 

• 

no 

o 

CM 

.H 

in 

4 

o 

o 

V- 

4 

4 

o 

rH 

o 

■M- 

o 

cm 

r-< 

CO 

in 

O 

o 

O 

o 

CO 

•Si¬ 

45 

O' 

o 

■# 

CO 

O' 

•~*4 

o 

1 

O 

ro 

ft 

1 

#■ 

4 

4 

cm 

•& 

1 

r- 

in 

ft 

rH 

1 

45 

CM 

CO 

ft 

in 

4 

H 

# 

rH 

CO 

r- 

45 

co 

o 

O' 

m 

CO 

* 

ft 

ft 

in 

r- 

CO 

rH 

ft 

rH 

o 

O' 

w 

VC 

45 

O' 

in 

n<* 

— 1 

<r 

■K- 

•H 

rH 

H 

ft 

(M 

r— 1 

V 

rH 

ft 

45 

CO 

rH 

o 

in 

4 

43 

an 

ft 

ft 

45 

4 

in 

4 

4 

co 

00 

00 

in 

O' 

CO 

vO 

O' 

<\i 

O' 

in 

CO 

CM 

CM 

45 

o 

CM 

o 

4- 

o 

v0 

6 

• 

♦ 

• 

• 

• 

• 

• 

« 

e 

9 

* 

« 

• 

t 

• 

• 

• 

• 

« 

• 

• 

« 

€ 

• 

• 

• 

• 

• 

* 

• 

< 

• 

• 

« 

O 

o 

rH 

H 

o 

o 

o 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

rH 

rH 

o 

rH 

r--4 

o 

O 

o 

o 

o 

o 

CM 

69 

37 

o 

CO 

-~4 

CO 

4 

10 

CO 

in 

o 

62 

o 

41 

11 

in 

r-»J 

77 

73 

32 

o 

23 

30 

55 

r»4 

4" 

56 

30 

o 

51 

CN 

06 

o 

53 

05 

43 

o 

40 

47 

* 

• 

t 

0 

* 

c 

• 

t 

« 

• 

t 

* 

t 

• 

© 

• 

» 

<• 

«» 

• 

t 

» 

© 

© 

© 

9 

© 

© 

• 

9 

• 

© 

o 

ro 

r~~4 

o 

rH 

o 

O 

fH 

o 

o 

o 

o 

o 

rH 

r*< 

• — | 

o 

cn 

r~4 

o 

CO 

<\| 

CM 

o 

4- 

CM 

r-H 

o 

m 

CM 

o 

r-”f 

o 

o 

c- 

o 

o 

o 

n0 

CM 

^-4 

in 

O' 

o 

o 

•>”4 

CM 

CM 

CM 

CO 

o 

O' 

h- 

O 

O 

O 

o 

o 

41 

r~4 

o 

ro 

o 

o 

o 

CO 

CQ 

9 

9 

9 

9 

9 

t 

e 

9 

9 

c 

e 

9 

9 

© 

9 

9 

9 

9 

9 

9 

© 

9 

9 

9 

9 

9 

9 

9 

© 

9 

9 

9 

c 

c 

© 

c 

o 

CO 

CM 

CM 

o 

r-ot 

o 

o 

CM 

*"■4 

O 

o 

o 

O 

o 

CM 

CM 

» — 1 

o 

co 

rH 

o 

4” 

CO 

co 

o 

in 

CO 

ro 

o 

4" 

00 

(M 

o 

#«4 

O 

O' 

4> 

O 

O 

CO 

vt 

o 

O' 

CO 

r- 

in 

r—4 

Is- 

h- 

co 

00 

co 

CO 

45 

in 

uo 

CO 

4- 

n- 

CO 

CO 

CM 

CO 

CO 

CO 

in 

(M 

CM 

9 

9 

9 

9 

9 

© 

© 

9 

9 

© 

• 

9 

© 

t 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

t 

9 

• 

9 

9 

t 

© 

9 

♦ 

9 

c 

© 

O  4- 

ro 

ro 

o 

f—4 

r-f 

*■“4! 

CM 

CM 

fH 

o 

o 

o 

CM 

CM 

CM 

Q 

4" 

CM 

r~4 

4’ 

4" 

CO 

o 

in 

4" 

CO 

o 

in 

ro 

m 

o 

(M 

r^ 

ft- 

ft- 

ft- 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0*1 

ro 

ro 

co 

ro 

ro 

rO 

in 

uo 

in 

in 

in 

in 

uo 

in 

in 

in 

in 

in 

in 

m 

in 

m 

tn 

in 

in 

m 

m 

in 

in 

m 

UO 

in 

in 

in 

in 

in 

in 

in 

in 

tn 

in 

in 

9 

9 

9 

9 

9 

9 

« 

9 

9 

9 

9 

e 

c 

9 

9 

9 

9 

9 

c 

9 

9 

9 

9 

9 

9 

♦ 

9 

9 

9 

9 

9 

9 

9 

9 

e 

9 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

<55 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r—4 

ro 

O' 

rH 

in 

r— •) 

o 

m 

CO 

CO 

4“ 

ro 

CO 

O' 

CO 

CM 

in 

45 

o 

CM 

ft 

rH 

o 

4 

o 

o 

ft 

o 

ro 

rH 

o 

H 

o 

CM 

• 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

© 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

• 

9 

9 

9 

9 

9 

9 

9 

• 

9 

e 

9 

MD 

rO 

O' 

ft- 

in 

in 

CO 

o 

4- 

ft 

4* 

CM 

in 

CO 

4- 

CO 

4 

r-— < 

co 

05 

CO 

rH 

O' 

co 

o 

CO 

ft 

rH 

CM 

in 

rH 

in 

o 

O' 

o 

in 

r-4 

ro 

CO 

co 

»— i 

rH 

r—4 

CM 

CM 

CM 

rH 

rH 

r-4 

rH 

r«-J 

CM 

CM 

rH 

CM 

CM 

CM 

CM 

ro 

CO 

rH 

CM 

4 

4 

rH 

ro 

ro 

CM 

rH 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

c 

o 

o 

O 

O 

o 

O 

o 

O 

O 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

O 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

9 

9 

9 

9 

9 

9 

9 

9 

• 

9 

9 

« 

9 

9 

9 

9 

• 

9 

9 

9 

9 

9 

9 

9 

t 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

45 

O 

ft* 

CM 

O' 

CO 

O 

co 

4- 

O 

o 

rH 

O 

in 

ft 

in 

45 

rH 

in 

in 

rH 

CO 

O' 

45 

O' 

O' 

O' 

CM 

co 

45 

O 

in 

in 

CO 

05 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

« 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

•  9 

9 

9 

in 

ft- 

in 

CM 

in 

ro 

CO 

45 

rH 

ft 

CO 

CO 

45 

4" 

4* 

O' 

45 

CM 

4 

CO 

ft 

o 

o 

ft 

ro 

in 

CO 

ft 

ft 

4 

CM 

4 

ro 

CM 

4 

45 

ro 

CM 

CM 

rH 

CM 

rH 

rH 

r*M 

rH 

CM 

rH 

r-l 

CO 

CM 

CM 

ro 

CM 

CM 

ro 

CM 

CM 

H 

in 

m 

tn 

in 

45 

45 

45 

45 

45 

45 

45 

ro 

CO 

CO 

ro 

ro 

ro 

ro 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

<M 

CM 

r-l 

r-5 

rH 

rH 

r-'i 

ft 

ft 

ft 

ft 

ft 

r- 

ft 

CM 

CM 

CJ 

CM 

CM 

CM 

CM 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CM 

CM 

CM 

ft- 

ft- 

ft- 

ft- 

f-v. 

ft 

ft 

ft- 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

CO 

CO 

co 

CO 

ft 

ft 

ft 

o 

o 

o 

o 

o 

o 

O 

o 

Q 

o 

o 

o 

O 

o 

o 

u 

o 

o 

O 

O 

o 

O 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

O 

O 

O 

9 

9 

9 

« 

c 

9 

9 

f 

9 

9 

9 

9 

9 

9 

e 

9 

9 

© 

9 

9 

9 

9 

9 

9 

9 

9 

« 

9 

9 

* 

9 

9 

9 

e 

9 

9 

T— 4 

rH 

rM 

rH 

r~4 

r-4 

r-4 

r^C 

r— 1 

r-4 

H 

r-l 

rH 

rH 

rH 

ftf 

rH 

rH 

rH 

rH 

rH 

r — 1 

rH 

rH 

rH 

rH 

*H 

rH 

rH 

r — 1 

rH 

rH 

rH 

rH 

rH 

rH 

4- 

rM 

45 

ro 

ft 

4- 

CO 

o 

co 

ft 

45 

ft 

4* 

co 

rH 

in 

in 

4 

O' 

ft 

O' 

CO 

4 

45 

CO 

ro 

CM 

m 

4 

45 

45 

00 

ft 

O' 

r-l 

O' 

co 

in 

CM 

4- 

co 

CM 

co 

o 

in 

45 

ft 

co 

ro 

45 

45 

CO 

CM 

r-H 

-0 

o 

ro 

CM 

ro 

ro 

rH 

O' 

h- 

rH 

45 

4 

CO 

45 

ft 

CC 

4 

r™4 

o 

CO 

in 

O' 

CO 

45 

CM 

ft 

45 

t— ■ 4 

CM 

in 

O' 

m 

4 

O' 

CO 

45 

45 

in 

O 

O 

O' 

rH 

rH 

4 

ft 

45 

4 

in 

CO 

m 

CM 

45 

45 

O 

o 

CM 

O' 

CO 

CO 

'0 

<r 

co 

-H 

o 

CM 

O' 

ro 

ft 

in 

CM 

O' 

45 

CO 

r~! 

O' 

45 

m 

in 

O' 

O' 

CO 

ro 

CM 

co 

45 

00 

O' 

O' 

O' 

9 

9 

• 

9 

9 

9 

e 

* 

9 

0 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

e 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

e 

0 

9 

ro 

in 

4- 

4” 

CO 

4’ 

ro 

CO 

4* 

in 

in 

ro 

CM 

ro 

CO 

r-H 

ro 

CM 

CM 

ro 

4 

CO 

ro 

ro 

rO 

4 

CO 

ro 

4 

CO 

ro 

fO 

4 

CM 

ro 

CM 

ro 

ro 

co 

cO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

cm 

nj 

cm 

CM 

rM 

CM 

CM 

rH 

rH 

*H 

rH 

iH 

rH 

H 

ro 

cc 

ro 

ro 

CO 

ro 

ro 

CO 

CM 

CM 

CM 

r-l 

CM 

ro 

4" 

rH 

CM 

CO 

<r 

45 

ft 

rH 

CM 

ro 

4 

in 

45 

ft 

r-H 

rM 

CO 

4 

in 

45 

ft 

rH 

CM 

rO 

4 

rH 

cm 

ro 

4 

i— i 

rM 

ro 

00 

ro 

co 

co 

r — 4 

rH 

r-l 

H 

r.-| 

r-l 

r~4 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

45 

45 

45 

45 

45 

43 

45 

ft 

ft 

ft 

ft 

in 

m 

in 

in 

ro 

ro 

ro 

■ 


74 


o 

rH 

ft 

ft 

o 

o 

O 

x 

V 

rO 

CM 

M) 

o 

M3 

co 

CO 

o 

if 

ft 

ft 

m 

in 

CO 

o 

CM 

MO 

o 

rH 

ro 

rH 

nf 

00 

CM 

in 

o 

o 

o 

c 

• 

© 

♦ 

0 

0 

© 

© 

ft 

• 

© 

C 

© 

• 

€ 

© 

© 

ft 

ft 

ft 

© 

© 

© 

© 

© 

© 

© 

ft 

© 

© 

© 

ft 

c 

© 

« 

© 

© 

© 

1 

o 

f\i 

o 

ro 

o 

o 

o 

ft 

ro 

O' 

CO 

o 

in 

rH 

o 

o 

4f 

ft 

CO 

O' 

CM 

o 

rH 

o 

o 

o 

rH 

M” 

O 

ft 

M3 

O' 

co 

o 

o 

o 

c 

1 

O' 

O' 

1 

*£c 

M* 

o 

in 

ft- 

rH 

CO 

ft 

nf 

ft 

CO 

in 

m 

CM 

o 

vO 

1 

CM 

Mf- 

CM 

J'. 

rH 

in 

rH 

1 

1 

1 

O' 

cm 

M3 

ft 

ft 

in 

rO 

CM 

O' 

vO 

ft 

ft 

ft 

-o 

co 

o 

h- 

ro 

O' 

rH 

M) 

CM 

ft 

O' 

in 

CM 

rH 

CM 

rH 

ft 

rH 

■«• 

ft 

ft 

rH 

rH 

rH 

rH 

H 

rH 

rH 

nf 

rH 

rH 

rH 

o 

CD 

H 

& 

•ft 

ro 

ft 

in 

rH 

00 

u 

V 

CM 

in 

CM 

CM 

V 

ft 

ft 

CO 

M- 

in 

rH 

rH 

M3 

rO 

rH 

in 

rH 

in 

o 

M3 

ro 

ft- 

o 

o 

o 

■yf 

*■ 

• 

0 

e 

%f 

■ft 

© 

• 

e 

€ 

© 

ft 

* 

© 

© 

© 

nf 

ft 

w 

?f 

© 

© 

c 

ft 

o 

rH 

CO 

*vf 

ro 

r*H 

M* 

C\J 

rH 

ft 

CO 

in 

Mf 

o 

ft 

nf 

7f 

ft 

c- 

Mf- 

o 

M- 

CM 

CO 

rH 

in 

O'. 

co 

o 

CM 

rH 

O 

o 

o 

o 

ft 

o 

ft 

in 

*- 

w 

nr 

CM 

rH 

ft 

Mf 

in 

ft 

ft- 

rH 

CM 

1 

*£f 

’Jf 

ft 

co 

M3 

CM 

CM 

O' 

O 

o 

CO 

CO 

O 

in 

CO 

ft 

ft 

ft 

CM 

s- 

•'f 

CO 

in 

CM 

rH 

ft 

o 

M- 

CO 

ft 

nf 

CM 

CO 

MO 

-t 

ft- 

in 

M3 

4- 

CO 

CM 

w 

■K- 

rH 

f-H 

rH 

V 

* 

CM 

ft 

rH 

ft 

ft 

rH 

rH 

1 

rH 

ft 

in 

CO 

rH 

rH 

in 

O' 

M3 

M) 

h- 

CO 

ft- 

in 

rH 

O' 

Mf 

CO 

CO 

vO 

O' 

o 

O' 

in 

O' 

rH 

o 

*sf 

M3 

O' 

00 

in 

O' 

ro 

CM 

in 

Mf 

Mf 

• 

© 

* 

♦ 

♦ 

e 

0 

f 

i 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

1 

© 

0 

© 

• 

1 

C 

© 

© 

© 

« 

© 

© 

© 

© 

< 

o 

o 

r-l 

r-» 

O 

Q 

o 

o 

o 

o 

O 

o 

o 

rH 

o 

O 

o 

o 

o 

o 

rH 

o 

o 

o 

r— ] 

rH 

o 

c 

o 

o 

o 

o 

rH 

rH 

o 

o 

o 

c 

CM 

CM 

co 

co 

O' 

o 

rO 

ft 

O' 

rH 

ft- 

in 

in 

CO 

h~ 

ro 

M3 

CM 

Mf 

ft 

CM 

M3 

o 

> 1 

M* 

>0 

rH 

00 

O' 

M* 

ro 

in 

o 

ft* 

M3 

o 

H 

o 

Mf 

rH 

ro 

o 

sf 

O' 

ft 

o 

in 

h*- 

in 

Mf 

h~ 

CM 

o 

rM 

co 

rH 

o 

r-H 

O' 

ft 

o 

in, 

rH 

o 

O 

CO 

r-,i 

rs 

• 

• 

• 

« 

• 

© 

f 

• 

• 

• 

© 

• 

• 

* 

• 

# 

• 

© 

• 

• 

© 

• 

• 

« 

* 

« 

f 

© 

* 

• 

• 

« 

t 

* 

t 

• 

« 

< 

o 

CO 

ro 

CM 

o 

CM 

rH 

o 

rH 

o 

o 

o 

CM 

o 

o 

o 

CM 

O 

o 

CM 

rH 

rH 

o 

rO 

rH 

pH 

o 

rH 

o 

1 

O 

o 

CM 

o 

o 

o 

o 

o 

c 

ft- 

CM 

ft 

M3 

o 

O' 

CM 

in 

in 

o 

ft 

o 

O' 

rH 

M3 

o 

4” 

00 

ro 

ft 

rH 

o 

o 

o 

CM 

o 

CM 

CM 

CO 

o 

rH 

CO 

o 

rO 

o 

• 

t 

• 

• 

« 

• 

© 

» 

• 

• 

• 

• 

• 

e 

• 

• 

© 

• 

• 

• 

e 

• 

• 

• 

© 

• 

© 

• 

• 

• 

© 

• 

• 

• 

• 

• 

f 

o 

Mf 

vfr 

ro 

o 

CM 

rH 

o 

rH 

rH 

o 

o 

CM 

CM 

rH 

o 

ro 

rH 

o 

CO 

CM 

CM 

o 

Mf 

CO 

CM 

o 

CM 

rH 

CM 

o 

Mf 

CO 

CM 

o 

O 

o 

1 

c 

CM 

ft 

CM 

rH 

o 

o 

CM 

M3 

in 

rH 

ft 

rH 

O 

CM 

<5 

ft- 

rH 

rH 

in 

O' 

Mf 

oo 

rH 

rH 

rH 

M3 

CO 

O' 

O 

ft 

CO 

o 

CO 

O' 

CM 

CO 

c r 

• 

• 

t 

• 

« 

« 

t 

* 

• 

© 

• 

© 

• 

c 

e 

• 

© 

© 

• 

• 

t 

€ 

♦ 

• 

© 

© 

• 

© 

• 

* 

p 

• 

• 

* 

e 

« 

«• 

i 

rH 

in 

Mf 

rH 

M* 

cm 

rH 

CM 

CM 

*H 

rH 

CO 

CM 

o 

Mf 

CM 

rH 

ro 

ro 

CM 

rH 

in 

Mf 

CO 

rH 

m 

CM 

of 

rH 

in 

in 

Mf 

o 

rH 

o 

c 

ro 

ro 

co 

ro 

ro 

CO 

CO 

ro 

ro 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

rO 

ro 

CO 

ro 

ro 

ro 

ro 

CO 

CO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

cO 

nr 

in 

in 

in 

in 

in 

in 

in 

in 

n 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

m 

in 

in 

in 

in 

in 

in 

m 

in 

in 

in 

IT 

« 

e 

© 

© 

• 

e 

© 

© 

© 

c 

c 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

• 

C 

© 

0 

© 

e 

© 

• 

© 

e 

© 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

C 

O' 

o 

o 

CM 

CM 

o 

in 

O' 

o 

in 

CM 

ft 

rH 

CO 

o 

o 

M3 

O' 

CO 

c 

CM 

O' 

ft 

o 

O' 

r*H 

o 

o 

o 

ft 

rH 

CO 

ft 

o 

rH 

CM 

M- 

c 

© 

• 

© 

© 

© 

• 

© 

© 

© 

© 

© 

© 

• 

© 

© 

© 

© 

© 

« 

ro 

CM 

ro 

o 

rH 

CO 

o 

O' 

o 

M- 

O' 

CM 

o 

co 

ft 

CM 

M* 

ro 

ft 

CM 

ro 

co 

in 

CM 

rH 

O'. 

ft 

O' 

ro 

CM 

m 

M- 

mT 

M3 

in 

in 

vj- 

V? 

f-t 

CM 

ro 

ro 

rH 

CM 

CM 

rH 

CM 

CM 

rH 

rH 

CM 

CM 

CM 

rH 

CM 

CM 

r-J 

CM 

CM 

CM 

i — 4 

CM 

ro 

CM 

rH 

rH 

ro 

CM 

pH 

CM 

ro 

ro 

pH 

«H 

rH 

r~‘ 

o 

O 

o 

o 

o 

O 

o 

o 

O 

O 

o 

CO 

co 

CO 

C0 

00 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

03 

co 

CO 

03 

CO 

CO 

co 

cc 

CO 

CO 

CO 

CC 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ftl 

CM 

CM 

ro 

(0 

co 

ro 

ro 

ro 

ro 

ro 

ro 

CO 

CO 

ro 

ro 

ro 

ro 

ro 

co 

co 

CO 

ro 

ro 

ro 

ro 

ro 

CO 

ro 

ft 

© 

© 

f 

© 

© 

© 

f 

t 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

• 

C 

© 

© 

© 

© 

© 

© 

© 

© 

© 

6 

© 

© 

e 

• 

© 

© 

1 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

nj 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rM 

CM 

CM 

c\ 

O' 

"t 

n 

't 

co 

O' 

O' 

co 

O' 

CO 

Q 

O 

co 

in 

co 

co 

rH 

r—J 

O 

•4- 

O' 

O' 

M3 

M3 

in 

CO 

in 

r-<4 

O' 

M3 

CM 

M3 

M3 

CM 

ro 

rH 

ft 

© 

t 

« 

e 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

e 

© 

« 

© 

© 

© 

© 

© 

© 

© 

© 

e 

© 

♦ 

Q 

© 

© 

© 

C 

e 

© 

© 

© 

i 

o 

V 0 

ro 

M* 

o 

in 

rH 

n, 

CO 

O 

sO 

Mft 

O' 

ft 

ft 

in 

»*H 

ro 

co 

o 

ft 

O' 

ft 

rH 

in 

in 

ro 

in 

CM 

ft 

O' 

o 

M3 

CC 

ft 

ft 

CM 

ro 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

r*H 

-H 

CM 

rH 

pH 

rM 

rH 

CM 

CM 

CM 

CM 

H 

CM 

CM 

CM 

rH 

ro 

CM 

CO 

•M* 

'-j" 

M- 

m 

in 

in 

in 

in 

m 

in 

o 

vO 

O 

M) 

O 

O 

o 

o 

O 

o 

O 

(O 

CO 

ro 

ro 

M3 

M3 

M3 

M3 

m- 

Mf- 

<J- 

vf 

CO 

co 

co 

OC 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rM 

CM 

CM 

Mft 

O 

M3 

M? 

M3 

M3 

M) 

M3 

r- 

ft 

ft 

ft 

rH 

rH 

rH 

pH 

CM 

CM 

CM 

CM 

M* 

MT 

Mr* 

ft- 

ft 

h" 

ft 

ft 

ft- 

ft- 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

f- 

o 

O 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

O 

O 

Q 

O 

O 

o 

O 

o 

O 

O 

o 

o 

o 

o 

O 

o 

O 

O 

O 

O 

O 

O 

C 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

6 

© 

c 

© 

© 

© 

© 

© 

© 

« 

« 

C 

f 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

H 

rH 

H 

rH 

* — l 

rH 

rH 

rH 

rH 

rH 

H 

rH 

rH 

pH 

pH 

pH 

rH 

H 

rH 

rH 

rH 

pH 

CO 

o 

in 

oo 

O' 

r- 

ro 

ro 

O 

o 

C0 

ro 

CM 

ro 

O' 

r- 

o 

CO 

CM 

O' 

sf 

co 

co 

rH 

in 

CM 

o 

O' 

in 

rH 

CM 

uo 

CM 

CO 

ro, 

r\ 

ro 

rH 

rH 

CO 

CM 

o 

ro 

o 

rH 

in 

O 

v0 

in 

O 

in 

in 

O' 

ft 

H 

rH 

M3 

ft 

o 

rH 

o 

rH 

rH 

CM 

G 

CO 

ft 

rH 

C0 

in 

CO 

CM 

rH 

M 

O' 

rH 

O' 

M" 

o 

ro 

o 

O' 

o 

CM 

CO 

in 

ro 

ro 

ro 

M3 

O 

CM 

rH 

co 

in 

co 

CM 

CM 

CO 

ro 

tm 

o 

ft 

co 

'0 

CM 

M3 

C\ 

CM 

co 

ft 

ro 

CM 

o 

ro 

O' 

M* 

O' 

O 

o 

o 

o 

in 

ft 

O' 

O 

UJ 

M3 

CM 

M" 

ft 

CM 

rH 

IT' 

00 

ro 

CM 

CO 

cy 

tc 

in 

MT 

CC 

C 

© 

© 

© 

© 

© 

© 

© 

« 

© 

© 

© 

© 

© 

© 

© 

C 

0 

© 

© 

© 

© 

© 

© 

© 

t 

Q 

• 

© 

© 

e 

© 

© 

© 

© 

P 

© 

9 

1 

ro 

co 

ro 

CO 

CM 

M- 

M- 

ro 

ro 

ro 

CM 

ro 

CO 

CO 

ro 

(O 

ro 

-t 

CM 

CM 

ro 

CM 

ro 

ro 

ft 

CO 

<r 

ro 

sf 

CO 

CM 

CO 

ro 

Mf 

Mf 

IT 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

ro 

ro 

CO 

ro 

H 

rH 

H 

H 

rH 

H 

rH 

ro 

ro 

ro 

co 

ro 

rO 

ro 

ro 

ro 

ro 

ro 

ro 

CM 

CM 

CM 

r\ 

in 

M3 

ft 

H 

rM 

ro 

M- 

in 

n0 

ft 

rH 

(M 

ro 

H 

CM 

ro 

*4' 

in 

M3 

r- 

rH 

CM 

co 

MT 

r»H 

CM 

ro 

<? 

rH 

CM 

CO 

mt 

•H 

rM 

ro 

CO 

ro 

ro 

ro 

co 

co 

co 

co 

CO 

CD 

co 

O' 

O' 

O' 

O' 

M" 

vf 

M* 

M* 

M* 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

pH 

CO 

ro 

ro 

ro 

o 

o 

o 

c 

pH  H  r-*» 


' 


75 


!  U0 

rH 

ro 

o 

& 

K 

o 

o 

43 

in 

O 

CO 

in 

o 

o 

-K- 

<?■ 

vt 

4- 

O 

o 

o 

»>H 

CO 

fH 

o 

o 

o 

_v»_ 

o 

CNI 

o 

«  • 

t 

• 

♦ 

*- 

Vr 

c 

♦ 

© 

© 

« 

ft 

e 

♦ 

♦ 

•H- 

-K- 

1 

• 

« 

ft 

ft 

• 

© 

• 

♦ 

0 

C 

♦ 

•H* 

« 

• 

♦ 

G 

1  4' 

m 

43 

o 

■55- 

# 

o 

CM 

CM 

o- 

o 

4- 

o 

o 

* 

v- 

in 

4* 

o 

o 

o 

4" 

o 

O' 

o 

o 

o 

in 

o 

CO 

O 

r- 

o 

< 7 > 

1 

W 

*>C 

w_ 

1 

r\! 

nj 

CM 

o- 

in 

in 

1 

■£ 

-M- 

*'c 

<3- 

in 

o 

* 

00 

f\J 

o 

1 

1 

u 
'  n 

'i- 

CO 

o 

I 

in 

4" 

(M 

5- 

43 

nT 

ro 

o* 

4* 

cm 

* 

n- 

4- 

<NJ 

s- 

o 

4* 

CO 

r~ 

n 

4- 

& 

* 

* 

* 

*- 

# 

rH 

cm 

CO 

o 

o 

O' 

V#- 

4- 

o 

in 

o- 

4* 

•8- 

* 

>r 

o 

43 

CO 

o 

* 

(NJ 

in 

4- 

(NJ 

CO 

•K- 

f-4 

o 

Q 

b- 

(NJ 

YT 

• 

C 

t 

• 

•K' 

t 

• 

« 

« 

ft 

ft 

• 

« 

* 

© 

ft 

© 

© 

•k* 

V 

© 

ft 

ft 

• 

• 

#• 

ft 

♦ 

• 

0 

• 

© 

rYc 

co 

<H 

CO 

o 

*h~ 

o 

CO 

*H 

43 

o 

r\l 

o- 

o 

** 

* 

00 

in 

O' 

CO 

w 

or 

YT 

rn 

CO 

o 

4 

r-l 

o 

o 

O 

CO 

o 

o 

■ir 

in 

rH 

O' 

■K- 

* 

4- 

4- 

0- 

CM 

CM 

rH 

Y? 

* 

CNJ 

•4- 

O 

* 

4- 

CN1 

o- 

CO 

* 

1 

1 

n 

CO 

4- 

VO 

'  4- 

nj 

rH 

V- 

*4- 

rH 

*H 

43 

CM 

\j 

V 

V- 

*• 

o 

CM 

<H 

■a- 

a- 

in 

r— J 

V* 

in 

r~*4 

nj 

•K* 

# 

* 

* 

■ic 

•K- 

& 

a- 

•  >o 

o- 

4) 

o 

cc 

4) 

in 

o- 

CO 

O- 

4- 

43 

o- 

CO 

in 

•0 

<? 

4" 

o 

o- 

o~ 

oo 

CO 

43 

n 

43 

o- 

o- 

4 

vt 

o 

oo 

O 

•4- 

)  o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

t  NO 

4" 

n- 

O' 

ro 

CO 

4- 

O 

r- 

o 

00 

(NJ 

o 

C\J 

O' 

0- 

in 

CO 

CNJ 

CNJ 

O' 

4) 

r- 

CO 

43 

00 

r~ 

r-*4 

n 

1  O'' 

4" 

co 

o 

CO 

CO 

0'- 

(O 

ro 

o 

ro 

4" 

o 

o 

o 

rH 

o 

4” 

n 

(NJ 

o 

O' 

4" 

rH 

o 

CO 

(M 

o 

o 

O 

o 

CNJ 

4* 

n 

o 

>  • 

• 

• 

• 

t 

© 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

« 

• 

« 

« 

* 

* 

© 

« 

• 

• 

» 

» 

f 

f 

• 

« 

• 

>  o 

O 

o 

o 

e— < 

o 

O 

o 

o 

o 

o 

r— i 

o 

o 

o 

o 

o 

o 

1 

rH 

o 

o 

o 

o 

O 

o 

r-4 

o 

o 

o 

o 

o 

o 

1 

*H 

O 

o 

o 

•  (NJ 

CO 

4) 

o 

o 

n 

CO 

co 

O' 

n- 

o 

o 

O' 

n 

o 

O' 

r-4 

CNJ 

h~ 

o 

43 

o 

4) 

CO 

CO 

O' 

CO 

o 

rH 

rH 

CNJ 

b- 

CNJ 

O' 

o 

1  » 

• 

t 

• 

• 

© 

• 

• 

• 

t 

• 

• 

• 

• 

• 

♦ 

© 

• 

t 

• 

* 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

>  —) 

o 

o 

o 

(NJ 

o 

o 

o 

o 

o 

H 

o 

o 

o 

o 

o 

O 

r— 1 

t—l 

O 

o 

r-4 

o 

o 

r*^4 

o 

o 

o 

o 

o 

o 

r>-4 

r— 4 

o 

o 

i  < 


•  rH 

b~ 

in 

CO 

CO 

4- 

rH 

rH 

r- 

un 

43 

cn 

4> 

2 

9 

r- 

O' 

43 

43 

O' 

in 

in 

rH 

ro 

CO 

O' 

4' 

ro 

CO 

O' 

CO 

4) 

in 

O 

b“ 

r- 

*  * 

e 

« 

• 

• 

« 

« 

ft 

© 

• 

• 

• 

t 

«  ♦ 

© 

• 

« 

• 

© 

9 

« 

© 

© 

• 

© 

e 

© 

• 

e 

• 

ft 

c 

* 

« 

* 

>  (NJ 

**4 

rH 

o 

CNJ 

rH 

rH 

Cvj 

r— < 

rH 

o 

CNJ 

r^4 

o 

rH 

c 

O 

CNJ 

rH 

H 

o 

CNJ 

rH 

Q 

rH 

rH 

rH 

o 

O 

o 

O 

CNI 

CNJ 

H 

o 

\ 

CO 

CO 

c0 

ro 

ro 

CO 

ro 

oo 

co 

ro 

00 

ro 

00 

rO 

rO 

ro 

O0 

cO 

CO 

ro 

c0 

ro 

r0 

ro 

ro 

rO 

CO 

ro 

rO 

CO 

rO 

CO 

CO 

CO 

ro 

00 

\ 

in 

n 

n 

in 

in 

in 

in 

in 

n 

in 

in 

in 

in 

in 

LO 

m 

in 

in 

in 

in 

in 

uo 

m 

in 

in 

in 

in 

uo 

m 

uo 

uo 

uo 

in 

in 

UO 

uo 

» 

• 

« 

• 

• 

• 

• 

• 

e 

* 

« 

• 

• 

• 

• 

e 

• 

• 

• 

• 

* 

• 

• 

* 

0 

0 

» 

0 

0 

0 

0 

0 

6 

e 

0 

0 

0 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

| 

in 

O' 

0C 

H 

O' 

4- 

in, 

O', 

ro 

CO 

o 

o 

in 

CO 

rH 

o 

00 

o 

CM 

uo 

C0 

0- 

4) 

ro 

rH 

oo 

CM 

o 

CO 

o 

•H 

rH 

uo 

o 

CM 

CM 

1 

• 

• 

• 

ft 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

f 

• 

• 

• 

• 

• 

• 

• 

0 

0 

0 

0 

0 

0 

0 

• 

© 

t 

0 

0 

0 

* 

H 

o 

O' 

4" 

CM 

co 

r- 

CNJ 

ro 

o 

CM 

rH 

4- 

O' 

ro 

O' 

CM 

CM 

O' 

nj 

O' 

r— ! 

4* 

43 

4* 

o 

rH 

o 

o 

o 

CM 

o 

0- 

o 

CO 

ro 

1 

CNJ 

CNJ 

f-H 

rH 

CM 

rH 

H 

CNJ 

OvJ 

CM 

H 

CM 

CM 

rH 

rH 

rH 

rH 

r-4 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

f— I 

H 

r-4 

<M 

rH 

rH 

) 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

00 

co 

CO 

co 

r~- 

cc 

co 

n- 

0- 

O' 

0- 

O' 

0- 

0- 

0- 

o- 

O' 

0- 

O' 

e'¬ 

O' 

0~ 

O' 

0- 

O- 

O' 

o- 

1 

ro 

CO 

ro 

ro 

CO 

00 

CO 

ro 

CO 

ro 

CO 

CO 

ro 

co 

rn 

oo 

oo 

oo 

00 

CO 

CO 

ro 

CO 

ro 

00 

ro 

00 

CO 

en 

CO 

CO 

ro 

ro 

co 

ro 

m 

> 

• 

• 

• 

t 

* 

© 

• 

• 

■ 

• 

t 

e 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0 

0 

♦ 

0 

0 

0 

0 

0 

• 

• 

* 

0 

0 

0 

1 

CNI 

CM 

oj 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

0M 

CM 

CM 

CM 

CM 

CM 

(M 

CM 

CM 

CM 

CM 

Csl 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

(M 

CM 

CM 

CM 

CM 

m 

in 

CO 

43 

CO 

n 

ro 

O' 

CM 

O 

»H 

O 

O 

CO 

4’ 

o 

03 

00 

CO 

CM 

03 

O' 

fM 

rH 

UO 

UO 

4) 

m, 

O- 

CO 

0- 

Cr- 

CO 

O 

4* 

O 

* 

• 

• 

• 

• 

* 

t 

* 

• 

• 

t 

• 

* 

• 

• 

« 

• 

• 

• 

• 

• 

• 

0 

0 

ft 

0 

0 

0 

0 

0 

» 

0 

0 

0 

0 

0 

• 

43 

r-4 

o 

n 

n* 

O' 

CO 

in 

•H 

rH 

4- 

O' 

CNJ 

43 

in 

CM 

in 

4" 

O' 

ro 

CO 

oo 

in 

CO 

uo 

UO 

O' 

CO 

4" 

St- 

in 

CO 

UO 

rH 

CM 

UO 

rH 

rH 

rH 

rH 

• — 4 

tH 

rH 

rH 

rH 

rH 

rH 

* — i 

rH 

rH 

rH 

rH 

rH 

) 

CO 

CO 

00 

4* 

4* 

4- 

4T 

4- 

4" 

co 

co 

CO 

CO 

o 

-0 

43 

4) 

43 

4) 

4) 

00 

CO 

CO 

co 

CO 

C0 

C0 

'0 

43 

43 

43 

4) 

43 

43 

uo 

* 

4“ 

41 

V? 

CO 

co 

ro 

CO 

ro 

CO 

ro 

4- 

4" 

4- 

4- 

<T 

4- 

4' 

NT 

4- 

4* 

4" 

4" 

4" 

4- 

4- 

4* 

4" 

4- 

<r 

sr 

4" 

4" 

4" 

4- 

4- 

CM 

. 

f~ 

r- 

n- 

r- 

f~ 

r- 

f- 

O' 

O' 

0- 

O- 

O' 

o~ 

0- 

r~ 

0- 

O' 

0' 

O' 

0~ 

O' 

r~ 

0- 

0- 

0' 

0- 

0- 

O' 

O' 

O- 

O' 

0- 

O- 

o- 

O' 

» 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

O 

O 

O 

o 

« 

• 

• 

• 

• 

• 

• 

* 

* 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

0 

0 

0 

0 

0 

i 

rH 

r*4 

rH 

»H 

rH 

rH 

r-H 

rH 

r*«4 

rH 

»H 

rH 

rH 

rH 

rH 

i — i 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r-) 

rH 

rH 

rH 

rH 

rH 

i 

0- 

r- 

in 

r- 

4- 

o 

in 

H 

H 

O 

CO 

co 

o 

4- 

CO 

CM 

in 

0> 

in 

CO 

UO 

O 

uo 

rH 

Hf 

N 

43 

C' 

4" 

CM 

CM 

CM 

00 

rH 

co 

43 

i 

CM 

4) 

4- 

4* 

co 

in 

uo 

co 

rH 

0- 

0' 

rH 

CO 

CM 

O') 

43 

f- 

03 

ro 

o 

o 

CM 

CO 

r-4 

UO 

o 

O- 

43 

O' 

O 

O' 

O 

43 

o 

uo 

CM 

j 

4- 

aj 

fO 

r~ 

O' 

00 

ro 

CO 

n 

o 

ro 

rH 

CO 

rH 

O' 

CO 

r  i 

4- 

in 

'0 

4) 

CO 

CO 

0~ 

4- 

00 

CO 

43 

CO 

43 

4" 

CM 

UO 

CO 

4* 

O' 

) 

ro 

CNJ 

r~~ 

n 

o 

00 

CM 

rH 

ro 

o 

H 

rH 

r~J 

CO 

o 

43 

rH 

4* 

43 

43 

4” 

OO 

O' 

C3 

04 

43 

UO 

OO 

o 

43 

O 

CO 

CM 

uo 

o 

O 

» 

# 

• 

• 

• 

• 

• 

• 

« 

• 

e 

t 

C 

* 

• 

* 

• 

t 

t 

• 

• 

< 

0 

• 

0 

0 

c 

0 

0 

0 

0 

* 

e 

« 

0 

0 

c 

i 

NT 

CO 

co 

ro 

ro 

oo 

4" 

4” 

CO 

4* 

CO 

4" 

4- 

CM 

ro 

CO 

ro 

ro 

CO 

CO 

n 

4- 

ro 

ro 

ro 

co 

ro 

ro 

CM 

00 

ro 

CO 

CM 

4- 

4- 

j 

CNJ 

cm 

CM 

rH 

f-H 

H 

fH 

rH 

r-—4 

rH 

ro 

CO 

ro 

co 

rH 

»H 

rH 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

(NJ 

CM 

CM 

CM 

• 

in 

43 

r- 

l—t 

CM 

00 

4- 

in 

'O 

C" 

rH 

CM 

fO 

4- 

rH 

CM 

co 

4' 

UO 

'0 

O' 

r-4 

CM 

OO 

4" 

m 

43 

0- 

• — -l 

CM 

00 

4- 

UO 

4) 

0> 

rH 

> 

o 

O 

o 

r* 

r- 

r- 

r- 

n- 

r~ 

r~ 

o 

O 

o 

o 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O 

O 

O 

O 

o 

O 

o 

CO 

O' 

O' 

co 

O' 

O' 

CO 

00 

i 

rH 

rH 

r-H 

r*H 

rH 

rH 

rH 

r— J 

rH 

rH 

rw4 

rH 

rH 

■ 

' 

- 

-■1 


76 


ft 

# 

ft 

41 

0- 

O' 

rH 

ft 

O 

u 

VT 

4" 

in 

o- 

o 

o 

i— ( 

o 

co 

o 

o~ 

o 

ft 

o 

o 

■* 

ft 

• 

• 

• 

© 

''li¬ 

• 

if 

t 

* 

» 

• 

• 

* 

» 

* 

6 

* 

• 

ft 

* 

• 

ft 

ft 

ft 

vO 

n- 

o 

ft 

o 

to 

o 

o- 

CM 

o 

o 

o 

o 

o 

in 

— i 

o 

ft 

o 

o 

4i- 

ft 

ft 

in 

4- 

r- 

1 

ft 

1 

w 

vr 

o- 

vO 

r-4 

1 

1 

1 

1 

in 

co 

CO 

1 

w 

vr 

1 

4J- 

ft 

CO 

M3 

ft 

(M 

o 

CO 

in 

rH 

o- 

# 

ft 

ft 

ft 

ft 

ft 

r-4 

rH 

H 

rH 

4c 

ft 

ft 

ft 

fO 

o 

ro 

if 

Si¬ 

4i- 

ft 

vf 

in 

ro 

X. 

n 

■ft 

4f 

ft 

M3 

o- 

o 

4J> 

4!- 

ft 

4f 

ft 

ft 

ft 

• 

* 

* 

if 

ft 

ft 

ft 

f 

• 

* 

V/ 

vr 

ft- 

4c 

ft 

• 

* 

• 

ft 

if 

ft 

V/ 

-r 

ft 

ft 

ft 

in 

ro 

o 

u 

V 

ft 

4* 

f" 

oo 

o 

# 

4c 

ft 

t\i 

r-4 

in 

ft 

if 

%J 

if 

ft 

ft 

-«■ 

rH 

CO 

in 

# 

ft 

ft 

ft 

00 

4* 

rH 

■»> 

ft 

4c 

ft 

■A. 

Vi 

CM 

M3 

ft 

if 

if 

if 

ft 

4i- 

ft 

O' 

co 

OJ 

ft 

ft 

ft 

to 

CM 

o 

CO 

ft 

4c 

ft 

ro 

CO 

in 

V/ 

V 

4c 

if 

w 

v>" 

ft 

•K- 

ft 

ft 

ft 

ft 

to 

r~i 

r-4 

•K- 

ft 

# 

ft 

rH 

if 

4* 

4c 

if 

M3 

M3 

in 

ro 

0- 

o- 

O' 

4' 

o- 

M3 

O' 

o 

o 

in 

in 

4" 

4- 

O 

O' 

4- 

o- 

O 

o 

• 

• 

• 

• 

* 

• 

* 

• 

» 

• 

• 

• 

© 

• 

• 

• 

• 

© 

• 

• 

• 

• 

Cl 

• 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

rH 

o 

o 

o 

o 

o 

-H 

o 

o 

o 

o 

o 

00 

in 

«fr 

o 

CO 

rH 

in 

CO 

O' 

H 

O' 

r- 

o 

in 

r*r! 

r~ 

m 

CNJ 

h- 

O' 

f- 

o 

o 

CM 

CO 

o- 

lf\ 

o 

ro 

ro 

n- 

CO 

r\j 

n- 

o 

ro 

rH 

»H 

o 

nO 

rH 

o 

h- 

• 

* 

• 

• 

• 

© 

« 

• 

c 

# 

• 

• 

© 

• 

* 

© 

♦ 

• 

• 

© 

e 

« 

© 

t 

o 

o 

o 

1 

rH 

o 

o 

o 

CO 

rH 

o 

C\l 

csj 

rH 

o 

O 

o 

o 

CM 

rH 

rH 

O 

O 

r-*< 

rH 

ro 

ro 

o 

h- 

ro 

o 

o 

o 

rO 

CO 

m 

CO 

o 

m 

o 

o 

rH 

rn 

o 

O 

rH 

r- 

h- 

* 

• 

• 

c 

• 

* 

• 

* 

© 

• 

t 

• 

© 

* 

• 

* 

» 

• 

• 

© 

• 

© 

© 

% 

o 

o 

o 

1 

rH 

r“l 

rH 

o 

ro 

H 

o 

C\J 

CSJ 

rH 

o 

o 

o 

o 

1 

CNJ 

rH 

o 

rH 

o 

O 

o 

o 

O' 

6" 

O 

vO 

M3 

M3 

CO 

rH 

m 

O' 

CO 

r- 

O' 

h* 

o 

n- 

O' 

<N 

CO 

O 

in 

m 

t 

• 

* 

• 

t 

© 

* 

• 

c 

© 

• 

• 

© 

• 

* 

• 

• 

• 

« 

© 

* 

© 

© 

© 

r—4 

rH 

o 

cm 

r\! 

rH 

o 

ro 

rH 

rH 

CO 

(M 

(\J 

o 

o 

o 

o 

m 

CNJ 

CM 

o 

r-H 

rH 

rH 

m 

CO 

CO 

CO 

CO 

CO 

ro 

CO 

CO 

ro 

ro 

CO 

ro 

CO 

rO 

CO 

CO 

CO 

co 

CO 

CO 

03 

ro 

CO 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

uo 

in 

in 

in 

in 

in 

• 

• 

• 

c 

* 

• 

• 

* 

• 

• 

V 

• 

« 

« 

« 

. 

• 

. 

• 

* 

. 

• 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

H 

rH 

CO 

r-“ 

O' 

o 

in 

o 

in 

CO 

r— t 

m0 

in 

o 

O 

o 

ro 

o 

in 

rH 

o 

o 

• 

» 

© 

• 

• 

* 

• 

« 

• 

• 

# 

• 

* 

• 

• 

t 

» 

• 

• 

» 

• 

© 

• 

• 

C\l 

CM 

in 

o 

O' 

O' 

CM 

r~ 1 

h» 

MO 

CM 

CO 

00 

in 

CO 

CM 

CO 

o 

4- 

4- 

00 

o 

o 

rH 

iH 

rH 

rH 

CM 

r-4 

CM 

r-4 

CM 

r—4 

CM 

ro 

CM 

rH 

rH 

r—4 

rH 

CM 

ro 

f\l 

r-l 

•H 

r~ 

r- 

h~ 

!*- 

f~ 

fv_ 

h- 

C— 

r~ 

r- 

0- 

0- 

h- 

o- 

o- 

0- 

r- 

0- 

r- 

O' 

0- 

O' 

cn 

CO 

cn 

CO 

CO 

CO 

ro 

ro 

co 

CO 

co 

ro 

CO 

ro 

co 

00 

ro 

ro 

00 

CO 

ro 

ro 

co 

CO 

• 

• 

* 

• 

• 

• 

• 

• 

• 

* 

t 

• 

• 

* 

• 

• 

t 

• 

« 

• 

• 

• 

• 

• 

CM 

CM 

rM 

cm 

CM 

cm 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

OJ 

OJ 

CM 

04 

04 

CM 

CM 

CM 

O 

00 

CM 

o 

in 

O' 

O' 

r—4 

O' 

r- 

h* 

O' 

O 

O' 

Mf- 

CO 

ro 

o 

00 

o 

0~ 

O 

O 

O' 

• 

• 

* 

t 

• 

♦ 

t 

• 

• 

• 

• 

• 

• 

• 

0 

• 

* 

• 

• 

• 

• 

• 

• 

e 

in 

r- 

CO 

o 

CO 

sf 

r-4 

r- 

CM 

Q 

MO 

CO 

M5 

't 

Mi- 

CO 

O' 

4- 

in 

04 

O' 

O' 

r— 1 

?— j 

r-4 

CM 

r— 4 

CM 

04 

rH 

OJ 

» — 1 

*-4 

r-4 

in 

m 

m 

in 

un 

m 

mT 

6” 

** 

sf 

't 

M- 

sj- 

o 

O 

o 

o 

o 

o 

o 

0- 

f'- 

0- 

0- 

CM 

CM 

CM 

(M 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

ro 

MO 

NO 

M3 

MO 

M3 

o 

M3 

CM 

CM 

OJ 

CM 

r- 

rr 

r- 

r- 

r- 

0- 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

h> 

r~ 

h* 

O' 

f- 

r- 

h- 

0- 

O' 

0- 

0- 

o 

o 

o 

o 

o 

o 

Q 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 

O 

O 

o 

o 

O 

o 

o 

• 

• 

• 

• 

• 

f 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

4i 

• 

• 

• 

« 

• 

• 

rH 

i-4 

i-4 

rH 

,-4 

H 

r-4 

r— ! 

rH 

rH 

rH 

r-H 

rH 

rH 

r-H 

rH 

—4 

r-4 

r  -  -! 

r-4 

»H 

•H 

fH 

in 

h- 

f-4 

CO 

Mf 

CM 

*3- 

M" 

0- 

CM 

r- 

in 

rH 

O' 

O' 

rH 

ro 

in 

O' 

uo 

CM 

O' 

O' 

o~ 

o 

r— f 

CM 

o 

O 

M- 

o 

MO 

r\j 

O' 

o- 

fO 

04 

vO 

MO 

CO 

0- 

M3 

in 

co 

O' 

r—4 

in 

4- 

CM 

CM 

r- 

CO 

r-4 

O 

o 

r- 

o 

O 

MO 

rH 

mJ" 

co 

O 

O' 

M3 

O' 

<r 

in 

in 

n 

o 

03 

(NJ 

O 

r*^ 

r* 

in 

ro 

o 

o 

in 

r~ 

r- 

CNJ 

CC 

r- 

MO 

M3 

in 

r—4 

uo 

rH 

o 

r—4 

O' 

4" 

• 

• 

• 

• 

• 

V 

e 

« 

• 

€> 

* 

c 

• 

• 

• 

0 

* 

• 

• 

© 

. 

• 

t 

• 

CM 

eg 

CO 

hn 

00 

CO 

6- 

CO 

CO 

CO 

CO 

vf 

00 

CM 

CO 

ro 

ro 

Mi- 

ro 

co 

-g- 

CO 

CM 

CO 

CM 

CM 

rM 

CM 

CM 

CM 

r~ l 

r-H 

rH 

r-4 

r-4 

rH 

rH 

CM 

OJ 

CM 

CM 

OJ 

CM 

OJ 

CM 

<N 

CM 

OJ 

CM 

m 

9" 

U1 

O 

O' 

(M 

ro 

sr 

in 

o 

H 

rH 

CM 

00 

<- 

in 

M? 

0- 

r-4 

CM 

(O 

4- 

to 

CO 

CO 

CO 

00 

CO 

in 

in 

in 

in 

in 

in 

in 

<5- 

vf 

't 

■4" 

MT 

4- 

M3 

vO 

M3 

MJ 

4- 


O' 


00 

« 


6  52  3*45  84  1.0727  30.3  2.  37  24.3  0*  53  4.6  3*8  3.16  0.8  1633.8  1969 
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4l 
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6l 
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12 

22 

32 

42 

52 

62 

72 

13 

23 

33 

43 
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TABLE  I 

STANDARD  DEVIATIONS  FOR  INCREASED  LACTATE 
AND  EXCESS  LACTATE 


AL 


Sum 

Mean 

S.D 

25.1 

2.51 

.92 

10. 6 

1.06 

•  44 

6.  2 

.62 

.50 

23.0 

2.3 

CO 

00 

17.9 

1.79 

.91 

13.5 

1.35 

.75 

7.1 

.71 

.51 

2.4 

.24 

.39 

'  *9 

.09 

lc  03 

25.0 

2.5 

.91 

19.8 

1.98 

1.1 

14.1 

1.4l 

V\ 

ON 

• 

34.2 

3.42 

1.51 

24.0 

2.4 

1.28 

20.0 

2.0 

1.04 

.XL 

Sum  Mean 

S.D. 

18.14 

1.81 

1.63 

5.36 

.54 

CO 

'-n 

• 

4.09 

.41 

.45 

17.3 

1.7 

.83 

9.8 

CO 

ON 

• 

. 

CO 

ON 

7.1 

•71 

.77 

4.4 

.  44 

9 

ON 

CO 

2.1 

.2 

.  61 

1.5 

.15 

.59 

22.6 

2.3 

.94 

12.5 

1.25 

1.15 

8.4-9 

urn 

CO 

• 

.94 

25.4 

2.54 

1.95 

11.6 

1.16 

1.32 

11.5 

1.15 

3  •  © 

' 

VJOT  20 AW 
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TABLE  II 


OXYGEN  UPTAKE  AT  VARIOUS  WORKLOADS  FOR  EACH  SUBJECT 


Workload 

900 

1050 

1200 

1350 

1500 

1650 

1800 

Subject 

01 

2.37 

3.35 

3.31 

02 

2.19 

3.05 

3.3 

3.59 

3.57 

03 

2.6 

3.11 

3.^5 

3*59 

04 

2.19 

2.74 

3.4 

3.71 

3.97 

4.45 

05 

2:1 

3.04 

3.17 

3.26 

3.71 

3.61 

0  6 

2.16 

2.81 

3.3 

3*56 

4.1 

0? 

1.98 

2.73 

2.97 

3.43 

3.91 

08 

2.25 

3.42 

3*  86 
(1400) 

09 

1.88 

2.32 

2.65 

2.93 

3.29 

3.77 

3*67 

10 

2.42 

3* 08 

3*9 

4.28 

Note:  Workload  in  Kpms  on  Monarch  bicycle  ergometer. 
Oxygen  uptake  in  litres/minute. 
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OXYGEN  EQUIVALENT  DATA 
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TABLE  Ills  COMPARING  OXYGEN  DEBT  WITH  OXYGEN  DEBT  EQUIVALENTS 
OF  INCREASED  LACTATE  AND  EXCESS  LACTATE 


S 


01 


02 


03 


o4 


05 


06 


07 


08 


TreatmentI 

Treatment 

;  II 

Treatment 

;  III 

09E 

2 

5 

8 

2 

5 

8 

2 

5 

8 

§2 

2720 

.2494  1821 

0 

768 

526 

222 

XL 

599 

221 

58 

945 

545 

321 

606 

-489 

383 

L 

824 

558 

417 

no? 

765 

482 

1121 

644 

1220 

o2d 

4050 

2238 

02 

564 

27 

-54 

-1979-1946-1919 

1496 

1113 

566 

XL 

547 

235 

145 

772 

751 

573 

1424 

793 

503 

L 

1098 

803 

543 

977 

977 

764 

1721 

1300 

961 

02D 

2240 

554 

3006 

Op 

620 

1350 

230 

404 

260 

3 

2760 

2590 

2002 

XL 

552 

243 

87 

1700 

1992 

1258 

1203 

51 

37 

L 

1373 

1240 

867 

1772 

2217 

1694 

1917 

1559 

1214 

o2d 

1330 

1834 

4900 

°p 

2292 

1390 

1118 

-l4o 

-460 

-4  60 

2208 

902 

272 

XL 

1237 

867 

625 

1343 

822 

565 

-808 

13 

-16 

L 

1638 

1359 

1053 

1550 

1135 

782 

300 

4 

-82 

OpD 

4500 

1910 

02 

950 

470 

368 

879 

479 

XL 

1287 

1049 

810 

1652 

-210 

-390 

1619 

937 

1571 

L 

1276 

1068 

813 

1230 

420 

3 

1955 

1384 

1189 

02D 

2880 

774 

1824 

Op 

1256 

63.6 

396 

-686 

-696 

-696 

-164 

-66 

-126 

XL 

1760 

1321 

1189 

1634 

1038 

708 

2563 

1688 

1058 

L 

2088 

1857 

1535 

1969 

1561 

1176 

2993 

2320 

1714 

o2d 

2526 

774 

1824 

02'  * 

-802 

-592 

-642 

3220 

2710 

2120 

192 

-108 

-108 

XL 

449 

l4l 

176 

899 

550 

388 

2156 

1049 

910 

L 

622 

423 

328 

1079 

910 

68  7 

2400 

1637 

1460 

02D 

758 

5500 

2102 

02 

-448 

-337 

-232 

880 

640 

556 

-57 

-117 

-167 

XL 

575 

242 

152 

915 

383 

250 

1603 

832 

675 

L 

743 

509 

354 

856 

648 

480 

1807 

1296 

1006 

o2d 

782 

238O 

1220 

°p 

1950 

1364 

994 

1033 

467 

228 

1330 

926 

742 

XL 

626 

250 

109 

554 

740 

240 

1073 

41 6 

324 

L 

745 

454 

261 

180 

535 

408 

1276 

911 

681 

o2d 

3620 

2853 

2790 

09 


- 


8 


Treatment  I 
S  02S  2  5 


02  3460  2754  2363 
10  XL  520  174  131 

L  684  420  369 

o2d  4990 


Treatment 

II 

Treatment 

III 

2 

5 

8 

2 

5 

8 

1023 

673 

523 

1460 

1610 

47 

459 

211 

179 

623 

228 

10 

575 

405 

2480 

296 

775 

451 

252 

Key  to  table » 

S  Sub j ect 


OqE  Oxygen  equivalents 

The  2,  5s  and  8  columns  time  in  minutes  after  exercise 


ceased  and  the  figures  in  these  columns  represent  the  oxygen 
equivalents  at  these  times. 


°? _ _ Oxygen  debt  figures  obtained  by  direct  collection  of 

expired  gas 


^___-°xygen  equivalent  figures  for  excess  lactate 

S'en  equivalent  figures  for  increase  in  lactate 
0?.D  Total  oxygen  debt  for  the  treatment. 


' 
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TABLE  IV 


OXYGEN 

DEBT  MEANS  FOB  EACH 

TREATMENT 

Treatment  I 

Treatment  II 

Treatment 

Time 

°2E 

°2 

1094 

698 

468 

2min. 

XL 

83I 

1045 

143 

L 

1109 

1129 

1625 

°2 

6?1 

382 

820 

5min. 

XI, 

384 

745 

551 

L 

869 

957 

1150 

°2 

505 

-3.5 

447 

8min . 

XL 

348 

409 

545 

L 

ON 

N_n. 

706 

962 

Note:  figures  represent  total  debt  at  that  time  period  in  milli¬ 

litres. 
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TABLE  V 

BLOOD  WATER  FIGURES 

Subject  Initial  Wt  Final  Wt  Wt  of  Wt  of  Blood  Blood 


test  tube 
+  blood 

test  tube 
+  blood 

blood 

blood 

solids 

Density  Water 

01 

79.36 

76:72 

3.32 

.69 

1.59 

2.64 

02 

80.45 

77.67 

3.48 

.71 

1.6 

2.78 

03 

79.72 

76.81 

3.69 

.78 

1.58 

2.91 

04 

79.61 

76.99 

3.28 

.66 

1. 60 

2.62 

05 

8IH6 

77.26 

5.02 

1.12 

1.55 

3.9 

0  6 

79:4 

76.72 

3.12 

.62 

1.61 

2.5 

0? 

79.39 

76.61 

3.48 

.70 

1. 60 

2.78 

08 

80.53 

7  6.99 

4.40 

•  866 

le  60 

3.53 

09 

80142 

76.71 

4.63 

.93 

1  e  60 

3.7 

10 

81.28 

78.32 

3.58 

.67 

1.62 

2.9 

Note  s 

All  weights 

are  exp res 

sed  in 

gms. 
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UNIVERSITY  OF  ALBERTA 
FITNESS  RESEARCH  UNIT  and 
FACULTY  OF  PHYSICAL  EDUCATION 


CONSENT  TO  PARTICIPATE  IN  A  RESEARCH  STUDY 


SUBJECT 


DATE.  .  .  • 


A.M. 


TIME 

P.M. 


1.  I  agree  to  participate  in  an 
to  this  hereby  authorize  Drs 
or  such  assistants  as  may  be 
the  following  procedure (s) s 


investigation  and  in  relation 

and 

selected  by  them,  to  perform 


2. 


e  t  have  explained  the  purpose 
of  Rhi  s'  study'  and"  I ’  understand  the  routine  of  the  procedure 
outlined  above. 


Witness 


«  «  »  «  «  ®  ® 

Signature  of 


Subject 


•  c 


If  the  subject  is 
age f  c omp lete  the  io I l.PIjt ■ RE 


unable  to  sign  or  is  under  21  years  of 


The  subject  is  a  minor  ( 


•  ©  O  •  ® 


years  of  age). 


or 


The  subject  is  unable  to  sign  because 


o  «•  « 


As  the  closest  relative  or  legal  guardian  I  hereby  sign 
on  his/her  behalf: 


9  «  C  C  9  •  9 

Witness 


Signature 


•  c  ©  •  «  c  © 

Relationship 


COMMENTS : 


Name  : 


Weight  : 
Height: 
Date: 

Temp : 

BoP. 

STPD  factor 

1.  Oxygen,  Fe02  =  (from  Beckman) 

_  __ 

46 


2.  Carbon  Dioxide,  FeC02  =  % 

3.  Nitrogen  =  % 

4.  VeSTPD  =  VeATPS  *1-  .30)  x  STPD  factor 

=  x 

-  _  1  it  res/  min . 

5.  Volume  of  Inspired  Air. 

=  x. 

79.04 

=  litres/  min. 

6.  Oxygen  Consumed.  VO^ 

=  (  x  .2039)  -  (  x  Fe02) 

=  litres/  min. 


V 

%  «* 


